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Introduction 


\"()  truly  },'rcat  Imok  ileitis  .in  I'xiilanati.ui  nf  its  aim  and  piirposi'.     A  }j;ri';,t 
biiuk  just  },T<)\vs,  as  lias  this  Book  ni  WDihlcrs. 
m  It  licj^an   with   ur    .iltc:;i]:t  ol'  a    l' itlRi-   tn  aiiswtr   the  natural   (ju'.-'tii)n-'   nf 

the  aeti\c  mind  cf  :■  j^niwinL;  hm.  It  ik\  ilii[»-(l  into  a  ni,i;htlv  search  fur 
plain,  nniler-tanilahle  answers  lu  ■,n(li  i|ilestiiinN  a>  "What  makes  it  inj,'ht  ?" 
"Where  ili'e--  ihe  \,ind  lief,'in  ?"  "Why  is  the  sky  hlue  ?"  "Wh\  dDe^  it  hurl  when 
I  cut  my  lini^er  ?"  "\\'h\  iluesn'l  it  litn-t  when  I  ent  in\  hair'"  "Win  dnes  wmul 
tlnat  ?"  "Why  doe^  irnn  >ink  .'"  "Wh\  dtie--n't  an  inui  -hip  -ink'"  nii  tlnMUnh  the 
maze  nt"  thmisaiiil-  nf  puzzling'  i|uesti()ns  which  ooeur  tn  the  child'-,  mind.  It 
ha>  j,'rown  until  th.e  aii-wer-  tn  the  mere  i|Uesli()n-  cn\er  ]ir,icticalU  the  entire 
raiijje  nf  evi'ry-da\  knnwleili;e.  ,-md  li.i-  lieen  ;irram;ecl  in  -uch  ;i  fnrm  that  aii\- 
child  may  imw   tmd   the  an-wer  In  his  nw  n   imiuiries 

A-  the  m;nd  nf  the  chiM  matiu'e-.  the  i|i!e-tinn-  naturalh,-  drift  inward 
llu'  thin'_;s  which  the  t;emu-  nf  man  has  jirnvided  for  his  cnmfnrt  .and  plea-tire. 
We  li.i\i-  lieccjllle  --n  ,accn-lnined  to  the  use  .ind  heiielit-  nf  tlie-e  wnilders  prn- 
du'i'l  h\  m.in  lh.it  we  •generally  lea\e  nut  nf  mir  hnnk-  the  slnrie-  ni  nur  .Ljrcat 
indu.-tries,  and  _\et  the  mind  of  the  child  wonders  and  iiii|uire-  ahnut  them. 
W-'  lia\e  -n  Iniii;  wnrn  clnthes  made  nf  wnnl  nr  cnttnii.  that  we  h.i\e  fnri,'ntti'n 
the  wdihler  there  is  in  m.ikiuf,'  a  hnlt  nf  elnth.  lAerv  industrv  has  a  fa-citiatim,' 
-tnry  ei|ual  tn  tlial  nf  the  -I'kwnrm.  which  ninxe-'  i-  head  si.xtv-five  times  :i 
minute  while  -pinniiiL'  hi-  tlmu-and  \ards  nf  silk. 

("an  ynti  leli  What  lia]ipen-  when  we  telephnue?  1  low  a  tele.i,'raui  irets 
there?  Wh.it  m.ike-  ,in  .lutnmiihile  i;n '  1  Inw  man  learned  In  tell  lime' 
llnw  a  mn\inL.'-picHire  i-  m:ide"-'  1  Inw  :i  c.-mier.i  t.ake-  ,i  picture?  I  Inw  rnpe 
is  made?  llnw  'he  li-ht  «et-  mtn  the  electric  hiilh  ?  llnw  yla.-s  i>  made  ^ 
ilnw  the  music  j,"'ts  inin  the  pi.inn  ?"  anil  hutiilred-  nf  nthers  that  emhr.ice  the 
captivatuig  tall-  nf  hnw  m.m  h.i-  m.ide  u-e  nf  the  wondiTS  ni  n.iiure  .ind 
turned  tliem  tn  his  ad\an',iL;i'  and  cnmfnrt?  Ihe  I '.nnk  nf  Wonders  does  thi- 
witli  illnmiuatini,'  pic'iire-  which  -tmuilate  the  mind  and  ,i;ive  .a  hird's-eve  view 
uf  ench   subject  step  hy   stej). 

Where   sh.dl    -uch   .a    hnnk   heijiii?      Shall    it   he.i,'iu    willi    the    Stnr\-   nf    Hnw 


Ill 


IN  IkODl  c  I  ION 


.M;iii  lA-anu'il  in  l.ii,'lii  :>  i-irc — he  I'liiilil  iini  codk  lu^  icio.l.  ~ii-  at  Mii;lit.  nr 
Kio]>  warm  uiilimit  a  I'lri.-;  or  >lu>iilil  it  hi'^jiii  with  ilow  Man  lAanuil  in 
Sluxit— Iio  iMiiliI  lint  iirytivl  liiiiiMll'  as,'aiii>t  iIk'  Ijcasts  of  the  l'on<t.  a!i<l,  tliorc- 
tViro.  i"ouM  u<ii  nio\o  ahoiit.  till  tlu-  ^oil  or  ohtaiii  food  to  i-ook  until  1k'  kiu-w 
how   to  >!ioot  i.ir  iU'>tro\ 

Wliat  was  thr  vital  linnu  ic^r  man  to  know  hcforf  hi-  lould  roally  hccomc 
civili/i'i!  ?  Some  mean*,  of  (.■oiirM',  hy  whiih  the  thinjj-;  !n'  I'/arncil — the  knowl- 
i.-ili,'e  he  hail  aeinured — eouM  he  haniK'd  down  to  ilio>e  who  eamc  after  hini  -o 
that  they  tiii^ht  !,'o  or.  with  the  intelhj;enee  haiicled  down  to  them.  '{"his 
re'juired  >on'e  nieiii<  if  reeordiny  iii^  knowled'^e.  Man  had  to  learn  to  write. 
Without  writini;  tlu're  eunli!  ln'  no  Hook  of  Wonders,  and  the  Ixjok,  then, 
heijii's  naliir.dlx    with  tin    ."^tory  of  1  low    .Man   I.e.iriied  to  Write. 

Tin:  I'lurnu. 


WKIIINr;    HV    MKXICAN    INDIANS    THOrc.IIT    T«    r.i 
MORE  THAN    rr-N   TIIOLSAN!)   VI.AK.>   ul.U. 


How   Man   Learned    to   Write 


It  i-  a  ]ow^  ntiK'  l)ri\vi.'on  tin-  il.i\  m' 
the  cavi'-dwclkTs.  wiili  lluir  in-tni- 
nieiits  of  chipin-'il  -Imii'.  ami  tlic  I'lc-ciil 
day  of  tlic  jH-n.  ^  rt  wide  apart  as  arc 
tlicsc  points  'jf  tinir.  the  trend  of  de- 
xelopment  can  willi  hut  few  ohstaeles 
he  traee<l. 

'i'lie  story  of  th.e  pen  is  a  natural 
^ei|ueneeof  ideas  between  the  lirst  ])ieee 
'if  roek  scTatehed  upon  roek  hy  pre- 
I'istorie  man,  and  the  bit  of  metal 
wliieh  now  so  smoothly  reeord>  our 
ihout;hts. 

There  was  a  time  in  tiie  iiiiv-ittet- 
history  of  man  when  necessitv 
prompted    the    invention    of    weapons, 


and  the  minds  of  these  primitive  men 
\>ere  eoneentrate<l  upon  tiiis  point.  lUit 
the  arts  of  war  di(l  not  take  up  then- 
entire  time;  some  time  must  have  been 
j;iven  to  other  pursuits.  .\s  the  mind 
developed,  and  as  an  aid  to  meinorv, 
v.e  tiiid  them  earvitiij,  enj^ravini,'.  iiiei>- 
inj;  upon  the  roiks  their  hier()<,'ivphies, 
whieli  l(,ok  tiie  form  of  ti<;ures  of  men, 
h.abitations.  weajwiis,  and  the  animals 
I'f   their  ]ierinil. 

How  Did  Writing  First  Come  About? 

An  .•ipparrinly  .hlirnh  .|ne-ti(in  to 
answer,  sin^-e  witiiout  writiii;,'  there  can 
be  no  record  of  its  oriL;iii,  anc]  without 
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EARLIEST  WAYS  OF  WRITINCi 


i 

-^t^.,  ^-               -        .A 

• 

* 

'-^","                     (Si 

ll'iW      111!      \M  II  ST    l.,VITI\N^    WKori; 


UTords  no   I'm'ts  :   wt   llu'  (Uiliuti"n   is  tlio   s!i:ir|nr   tlio   (.'di^c   of   the  i-hip,   the 

so    clear    tliat    thy    aii-wer    is     sini|jle.  ileeper    was     the     scratch,     ami     conse- 

^oiiiewlure    lar.   lar  hack  in   the   .lawn  qnenlly  the  more  ilivjmct   the  mark. 

<.t   the  woriil.  hack  in  the  he,t,Mnnin,i,'  of  Next    it    was  .li^cncrnl   iliat  certain 

human  liistory,  in  the  epoch  wliich  \vc  stones.    muIi    a^    llnil,    serpenlini.'    and 

have   now   named   the   Onaternary    I'e-  ehalcdoiiv.  marked  more   nadilv   than 

riod.  man   live<l  in  a   dense   wilderness  other-:    lliat    the    elom,Mte.l    cliii.    was 

snrroimded    hy    the    wildest    ami    most  handled  with  mure  facililx' ;  that  hy  ruh- 

ferocioiis  beasts.     1  lis  home  w;is  a  cave,  hint,'    one    -tone    aLjain-f    another     the 

exposed    to   the    (lan!,'ers    incidental    to  l':nest   possible  points  .md    ed-e-   nni,dit 

tl'.at  tiine  and  his  sttrrotmdini;s.  and  he  he  obtaltied.    'I'hns  in  the  .Xi^e  >>i  Stone 

was    of    necessity    compelled     lo    l,,ol<  \.a-    the    '  -mi;,    laperint:    in-lrnmciit    of 

aiioiit  for  means  of  defense.     W  ilh  this  -tone,   the   tir-t   pen,   the   Stxlns.   orit;i- 

idea  in  mind,  lie  fmmd  that  1)y  strikim;  naled. 

one  stone  a.uainst  another   hr   knocked  Then   came   llu    time,   known   as   the 

otY  chips,  which  ellil)S  eonld  lie  n-cd  as  ilron/e     .Xire,     when     men     le.irncd     to 

arrowdieads.  s|>ears  and  a.xe-.     I'ollow-  h.ammer   mct.il    Into   shapes,   ami   melal 

injj  alon.tj  these  lines  he  discovered  that  lia\inL;  man\-  adsantaijes  over  -tone,  the 

iiV   nilibina;  one  of   lin-c  iiii|.-  ,ii;aui-i  si\iu-oi  -tone  L;ave  w.iv  to  one  of  iron. 

another  tjiere^  \vas  left   a  mark,   which  So    we    lind    that    in    the    time    of    the 

was  the  fir-l  imitation  of  writini;:  that  F.jjyptians,    .ihont     fourteen    or    liftecn 
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WF^ITINQ  FLUIDS  HELPED  DEVELOPMENT 


!:i 


I 


nil.   i;ki  -.11 


IMU     nil,    1  IIISI  ~1      nil  ''il\  1.1)    Ml    llloli. 


'  '  iilnrii  ~  !'..(  '.,  an  inm  '-t\  Ins  \\a>  in  ii>c 
Hif  niark'HL,'  nii  m  ia]i-!nnc.  liiiK-^tonc 
,'inl  w.ixf'l  viirlacr-.  An  ini|  ini\  vniont 
in  llii.~  nutal  --l\lns  wa  •  that  tlic  hlunt 
(till  \\a~  riin\(.-\  aii'!  ^ninnili,  tin-  pttr- 
|hkc  (it  v\!iich  \va>  tn  orax.'  aiicl  smnntli 
Kwr  irri'milarilifs.  In  sonu-caM-^  ii  was 
I'ointcil  with  chaniniiiK.  whioh  ,L;a\r  it 
iMTa'uT  rnttnii;"  ]iri l].^■^ti^■--.  IIk'  imn 
-t\lii^  was  al.-u  iisol  by  the  h".j,'y]itians 
I 'I  that  iicrioil.  as  uull  as  in  later  tinii's. 
with  a  inalli't.  after  the  niaiiiier  "I  the 
iiiiiilern  rhisel  (  wliieh  imleeil  it  resein- 
hle.l  )  t'lir  cutting,'  nut  in^crijitiiins  cm 
liiiir   munnnieins. 

hi  emir^e  iil  'iiiie  a  niarkiii<^  tluiil 
wa^  ih-riivered,  aii'l  this  made  neees- 
•-arv  a   writiiiL;  in-.lrnt]U'nt    whieli  eould 

hark.  ete.  Thus  it  was  I'liund  tliat  by 
inittiiiL'  tn^-(^fhe^  a  small  buiieh  (if  hairs. 


arraiiLjiiit;  them  in  'he  ^liajie  of  an  aeiite 
eipiie.  and  fasteih.ii,'  them  tiii;(.'ther  in 
some  manner,  an  instrument  eould  he 
made  whieh  '.  nuld  e,irr\  lluid  in  its 
|iath,  and  ihu.--  make  a  mar]<  of  the 
ilesired  shape.  Tiie  hair  he--t  adajited 
for  the  inirjiose  was  found  to  be  eantel's 
hair,  while  that  of  the  badL;er  and  sable 
\.as  also  Used.  .\  tube  eui  from  a  stalk 
of  f;rass  answered  for  a  holder.  The 
hairs  were  held  together  by  ,i  pieee  of 
th.read  wliieh  was  then  drawn  throu.tjh 
the  tube,  thus  m.akiii!.;  the  first  writing; 
i-istrununt  to  be  u~i'd  in  eoiiiunetion 
\'  ith    ink.   the    i'ln^li. 

Just  when  the  I'.nisb  came  into  exist- 
enee  is  not  lU'lmiteK  known,  but  \\ith 
this  instrument  the  ijreat  (  hinesv   jiliib 

" -ripiier   C  OriTnv'iUS    wlv'tv     in.-    mai  \  c  I-ins 

|'hilosn|ihy.  The  Brush  as  a  writincf 
inslrunient  is  jjenerally  associated   with 
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iliis  instrunK-in  i'\cii  t(i  llu-  pn  -ciil  il;i\-. 
'1  huinj,'  i-s])t.-i-ially  ;ii|;i[>li-.!  in  their  Ict- 
li  r-~  ami  mode  of  w  ritiii,!,'.  \\\-  liavc 
now  a  |ien  (tinish),  as  wt-ll  a>  an  ink. 
I'Ul  the  inatrrial  n]iiiii  which  the  people 
i>i  that  ,iL;r  uidtr.  in  lirii  of  pajicr,  was 
Mill  \rry  iTUclc.  pati-linunt  am!  trn-- 
hark   In  ini;  iiin-i   conmionh'  ii-nl. 

jii-t  as  llir  (JiM-overv  ui  an  ink 
v\ri.nt;lit  a  ^lianye  from  t!u'  Stvlus  to 
llic  I'lrn-li,  ~o  ;lie  a'Knit  of  papvrns, 
a  pajier  made  from  tiie  papyrus  plant, 
which  was  much  tlner  and  more  eco- 
nomical than  parchment,  hroii;,dit  with 
it  a  pen  better  adapted  for  tliis  material. 
It  was  found  that  the  Reed,  or  (.alamo. 
as  it  was  called,  wliich  f;rew  on  the 
niarshr-  on  tln'  shores  of  Kf»v!>!.  \r 
inenia  .and  the  Persian  ('lulf.  if  cut  itito 
-liort  lencrth^  ;mri  trimmed  di>wn  to  a 
point.  Hindi    ,Tn   .iflmiralile  pen    fur  this 


neuly  disidvered  iiajier.  This  w.a^  the 
true  ancient  representative  and  precnr- 
-or  of  the  modern  pen.  Tlir  n-e  of 
the  Keed  can  he  traced  In  a  remote 
antiquity  .amonij;  the  ei\di/ed  n.ation^  of 
tiie  i'.ast.  where  l\eid~  are  in  use  now 
;is  instruments  for  writin;,'. 

Tile  introduction  of  ;i  fmer  p.iper 
rdiderecl  iiece--sary  ;i  liner  instrument 
"f  writinij.  and  the  (|uill  of  the  goose, 
swan,  and.  for  very  tine  writinj,'.  of  the 
crow,  was  foimd  to  he  well  .adapted. 
Immense  flocks  of  peese  were  r;ii<ed, 
ehietl\-  for  their  quills.  Hie  earliest 
siiecific  allusion  to  the  (juill  occurs  in 
the  writinsjs  of  .'^t.  Isadore  de  Seville, 
seventh  century,  allliou.tjh  it  is  believed 
to  have  been  in  use  at  an  earlier  period. 

Most  oi  the  wTitini,^  durintj  its  reit;n 
w.is  done  in  the  miin;isterie<  bv  the 
tl'iitd-.s.   .11.. !    j,,    the    eii;hteeTit!l    centtirv. 


THt  INVLNTION  OF  THE  PUiN 


If) 
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wlicn  iiiiill-itiakiiiL;  lit-ramc  i|uitc  an  art, 
ixcTv  iiKink  aiiil  i.'\rry  u-.uin  r  wa--  cx- 
Irtctud  tu  !)(.■  iirDt'icn-iil  in  tiu-  art  of 
liiaknii,'  a  Jn-ii  fnnii  a  i|Uill.  I  he  ]H\-- 
liniiii:ir\-  i.riu-,  -■-  ni  prfparin;;  the  i|niiU 
\\a^  lir>t  In  '•nrt  tlinii  accon'iiiL;  to  tlu'ir 
((iiality,  dry  in  llii-  hut  Mini!,  then  clean 
th.eni  of  the  ontcr  ^kin.  and  harilen  by 
dippint;  in  a  boihutj  xilntion  of  ahini 
and  dihited  nitrie  aidd.  Durini^'  tho  last 
century  many  efforts  were  made  to  ini- 
|irove  the  qtiill,  its  threat  defect  lieinj:; 
s|ieedy  ininr\-  from  use.  l\uli\  points 
\\.ere  fitted  to  the  nib.  hut  this  was 
found  inijiracticable  on  nccoinil  of  the 
delicacv  of  the  work,  loseph  I'rani.ih 
devised,  in  iSoo,  a  machine  lor  cuttini; 
the  (|uill   into  seiiaratc  nibs   for  use  in 


tl 


10  quill  and  aiiticipatiiii;  the  form  of 


le  modern  |)cv 


T! 


le   qu 


ill   he 


^iruiuent  for  many  years,  and  with  it 
the  L,M•eate.■^t  masterpieces  in  literature 
have  been  written.  .Many  attempts, 
however,  had  lieeii  ma<ie  to  supersede 
the  quill  bv  a  pen  not  so  easily  injured 
li\-  use,  hut  it  \\a^  not  until  about  1780 
that,  after  much  eNperimcntiuf,'  and 
numerous  failures,  Mr.  Samuel  Harri- 
son introduced  the  lirst  metallic  pen. 
This  pen  was  made  as  follows: 
.\  sheet  of  steel  was  rolled  in  the 
form  of  a  tube.  (  >iie  end  was  cut  and 
trimmed  to  a  ])oint  after  the  niamier 
of  the  quill,  the  seam  where  Itoth  edj^cs 
of  the  tube  met  forming  the  slit  of  the 
pen.  This  was  soon  after  improved 
iqiiin  b\-  euttint;  a  rou,L;h  blank  out  o» 
,1  thin  sheet  of  steel,  which  blank  vas 

:;:v;    ::;:■•    :*•::;:    .i!r.-*iit.   ItiC   Ittl,-.    5  • 'Itif  iv  • ! . 

and  with  a  sharp  chisel  marked  inside 
where  the  slit  was  to  be  in  the  fu. islied 


swav  as  writing  m- 


pen. 


Aft 


er    tempennf] 


the    nib    was 


111!     Miihi  K\    tt  klliM,    li  \ 


f^rniiii'l  ami  .sliapfl  lu  a  point  suitable 
lor  fine  or  hroail     \rilini;.  as  rc(|uiroil. 

<■  hu-c  -^tartcil.  lli.'  -tcrl  ]>vu  ur.uh' 
rapid  striilr^  in  in  pn ivniimt.  Mr. 
JaiiH',-  IVrry,  in  iSj.j.  -lartd  in  Imil;- 
laiid  the  ntaniitaiinrr  ai  pm^  un  a  lart;^ 
M.'a!e.  an.l  tn  him  a-~  wc!!  a-  liillutt  i> 
due  till'  inan\  iniprnviMunt^  which 
followed. 

IV'rr\  was  the  t"ir--t  tn  inamifacttiro 
"slip"  sti'cl  puns,  up  to  this  tiiiio  the 
]ien  a. Ill  hoMer  lieiii;;  one  piece. 

"In   ti^u■^   nf   \c,rc,   ulicn   each   man   cut   his 
rillill 
With  litth-   Perryian   skill: 
What    hMrriil.    awkward.    l)iiii(;luii;    tools    of 
ira^lr 
.■\|)pcar<(l     the     writiiitr     instruments,     home 
ma.lr'- 

The  steel  pen  ot'  the  presetit  day 
has  reached  the  pinnacle  of  perfec- 
tion, and  the  tiiethorl   of  iiiantifacture 


•  if  this  little  hut  niiL;ht>-  instrument  of 
\\ritini,f,  tliotii^li  of  iNtrenu'  interest,  i.s 
ptactic.dly  inilxnown  hy  the  general  puh- 
lie.  lo  r.\pl,iin  in  lietail  the  develo])- 
nirnt  Iripui  the  rou^di  steel  to  the  tin- 
idled  jieii  WMuId  needs  make  a  hook  in 
i'.^elt.  .\iid  .1-  It  h.is  been  our  intention 
to  dwell.  iHii  upon  the  ni.anuf.iciitre  of 
ll'e  pen.  hut  to  trace  it-  hi-lorv  and 
('evekipnieut  fnnii  hi  nio<t  criiile  form, 
the  St\lu-.  t'>  '.lie  iierfi'Ct  .'inil  siuootli- 
writiuL,'  -teel  ]ien  of  to-d.iv.  we  will 
close  our  story  wiili  the  well-worn  e])i- 
i;tam  of  old.  L^rim  ( '.ardinal  Richelieu: 

"lienealli  thr  rnh    of  nirn  nitircly  yrcat. 
Idu'    I'cii   Is  niiLihiiir  iha-i   the  .Suorii !" 

Vow  ^  Steel  Pen  i?.  Mad-- 

lu  the  pi.  lure  ..ii  th.-  lnllowinK  <r.im\  we 
■see  llie  various  pr<rcesscs  rciiuired  in  making 
a  steel  pen,  together  with  a  description  of 
each   process 


HOW   A  STEEL  F»EN   IS  MADE 
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Raw  M'Uerial. — The  sheet  steel  is  cut  into  strips 
of  a  convenient  U-mkUi  ami  width,  and  then  rolled 
ctilt!  1.1  the  \act  xaiiKt*  necessary,  according  to  the 
pen   to    be    manufaciured. 

Cuttinij  tlif  Bliitik. —  This  is  a  mechanical  opera 
tinn,  and  is  elTectcd  with  the  aid  of  a  screw  press, 
in  which  a  pair  of  tools  correspoiidintt  with  the 
shape  of  the  i>en  has  lieeii  dxed.  » >n  piiUnig  a 
1(  vcr  the  screw  descciiiU.  .  'iviuK  the  punch  into 
the  bc<i,  which  cots  a  tlla^[^  with  a  scissors-J'ke 
action,   from   the   strip   of  steel. 

Mtit  k'iH'7  I  lit.'  .V.I Hit'. — This  is  done  by  means  of 
a  punch  t'lxed  in  the  hamnicr  of  a  sianip.  wnrke'l 
by  the  foot.  The  blanks  are  ra()idly  introduced 
between  guides  lixed  on  tlic  bed  .>i  the  stamp.  arnl 
as  soon  as  the  hammer  has  fallen  the  blank  i^ 
thrown  out   and  a  new  one   introduced. 

PicrriMi/.— The  tools  for  this  opt-ration  are  of  .1 
delicate  character.  'I'he  blanks  are  fed  by  hand, 
as  above  explained,  and  the  hole  p'liuhed  by  a 
screw  press.  This  is  a  most  important  process: 
the  pierce  hole  i.nd  slide  siits  rittermine  the  elas- 
ticity an((  regulate    the   tlow   of  the    ink    on   the    pen. 

Annenltn;}  I'r  Softentnij. — The  blanks  are  still  nioi- 
erately     hard    and    before    raising,     it     is    necessar 
to     soften     thcni    by     liealitig     t.»    a     dull     rcii.     and 
allowing   tliem    to    gradually    cool. 

ICuixi  ttn. — The  oncramr  places  niip  nf  the  soft 
Manks    on    a    die    to    w  huh    guides    are    attixe-l    to 


while  hot.  after  which  it  Is  thoroughly  cleansed 
from    all    grease. 

l  cmf'i-rittjf.  riie  pens  are  tiow  hard  but  very 
lirittle,  and  in  order  to  corrett  this  defect  lliey 
are  placed  in  an  iron  cylinder,  and  kept  revolving 
over  a  gas  or  charcoal  lire  untd  they  ac-juire  a 
proj)er    tcmper. 

,S.-,'U»-iH.(;.  -.\fter  soaking  in  diluted  sulphuric 
acid,  tbf  i)ens  ar-'  placed  iti  iron  cylinders  contain- 
ing fine  stone  and  water,  or  tine  sand,  and  revt>!veil 
fur  several  hotirs.  When  taken  from  these  cylinileis 
they    arc   bright    and    smooth. 

('innJutif.^'l'his  is  a  process  i>er formed  by  hand 
on  a  "bob,"  or  wooden  wheel  covered  with  leather 
aiui  dressed  with  emory,  revtdving  at  Iiigh  sj)ced. 
\  tight  touch  on  tbe  emory  wheel  gritnis  ulT  'lie 
surface  between  the  pierce  hole  and  the  point,  to 
idjtain    proper   action    atid   to   assist   the    tl(tw    of   ink. 

Shttimi.  -  This  is  a  hand  prucess  performed  with 
a  press,  the  cutters  being  as  sharp  as  razors.  The 
pen  is  placed  in  positi».)n  by  means  of  guides,  and 
mu"'t  he  cut  with  utmost  prefi^ion  ffi.m  the  pierce 
hole  to  the  pt)int,  the  puint  must  be  dividcl  exactly 
ill  the  middle,  the  least  variation  making  the  pen 
defective. 

(\'l.>rtn(j  and  I'arnislung. — The  pens  having  l^ecn 
polished  to  a  bright  silver  color  are  placed  in  an 
iron     cylinder    and     kept    revolving    over    a    gas    or 


Tfi. 


ey    are    then    immersed    in    a    bath    of    shellac    var- 


keep   it   in    position;    then    by   moving   the    handle    of        nish,    and    afterwanls    dried 


the    pr 


the    screw    descend 


rounds  the  blank  into  the   form  of  a  pen 


ng   a    die    which 


//(ir./('tn»t(7. — The     pen     is 


■a   h) 


heating     ai-  I     tht 


oft.    and    is 


immersing     in 


I-  riimiuati-n.  Kvcry  steel  [*tn  passing  through 
the  factory  is  most  carf.'iilly  examined  before  being 
boxed,    and    ^honld    ihe    least    fault    be    found,    it    is 


nice     reie 


tcil. 


l^ 


Win    \  i>(  Ncii   wki n  s 


Why  Does  a  Pencil  Write? 

^I'U  I, III  il-c  a  jiLiKil  to  write  null 
ur  ti)  maki-  marks,  because  tin-  \wnc\\ 
w  ars  oti  if  you  arc  scratciiiiij,'  it  on 
.1  surfaif  tliat  is  rou>;li  cuouuli  to  iliakr 
It  do  M).  Writing,  you  know,  is  onlv 
.'.  way  of  making  marks  in  suili  a  iiian- 
niT  as  to  make  tluni  mean  somttiiiiij;. 
N'ou  eannot  write  with  a  petuil  on  a 
(',;iie  of  Klass.  !)ecause  the  ulass  is  so 
-moolii  tliat  wlien  yon  move  tlie  |ietuil 
"vyr  its  surfaec.  the  pencil  will  not  wear 
oft.  To  prove  to  yourself  that  the  ti]> 
of  the  |.etK-il  constantly  wears  olV  when 
>i  u  write,  you  have  only  to  lecall  that 
when  you  write  with  it  a  pencil  keeps 
^rettin;,'  shorter  and  shorter.  A  slate- 
pi  ncil  will  wear  down  short  by  meri'ly 
uritiiij;  with  it,  but  a  lead-pencil  mu>t 
he  shariiened — that  is.  you  must  keep 
I  uttiiig  away  the  wood  in  order  to  t^^et 
at  the  lead  inside. 

Wiiv   Cant   I  Write   on  Paper  With  a 

Slate-pencil  ? 

N  "U  caiuii't  do  >o,  liecau.^e  it  takes 
-iinethinj,'  with  a  rougher  surface  tli.iii 
paper  to  wear  off  the  point  of  a  slate- 
pencil.  .\  slate  is  usc<l  to  write  on  with 
slate-])cncils.  because  slate  wears  off  the 
end  of  the  jjencil  easily,  and  ;dso  he- 
c.iuse  you  can  rub  out  the  writing  on  a 
slate  with  water.  I-ead-peiicil-  are  used 
tor  writing  on  iiajHT.  Imt  you  must  have 
,i  rough  snrface  on  the  p.-ijier  to  write 
on  even  with  a  lead-pencil.  Some  kinds 
of  papers  have  such  a  smooth  surface 
that  you  cannot  write  on  tluiii  with  .1 
K-ad-peticil. 

How  Does  a  Pen  Write  ? 

Writing  with  a  pen.  li.iw,  \it.  i~  .|niic 
dittereiit  from  writing  with  anv  kind 
of  i)encil.  because  in  writing  with  ink 
we  do  not  wear  ott  the  end  of  the  pen, 
hut  have  the  ink  flow  from  the  pen. 
For  this  ]>urpose  we  must  h.ive  a  sur- 
face that  will  ;ihsorh  the  ink  from  the 
pen,  and  <!r.iw  the  ink  down  olt  the 
lien  ami  make  it  flow.  A  slate  has  no 
power  of  absorption  and  therefore  can- 
not draw  the  ink.  .\  piece  of  blotting 
paper  is  the  best  kind  of  paper  for  ah- 
-Mrliing  ink.  Init   it  i--  too  much   -c   fi.r 


w  ritmg  purposes.  For  writing  with  ink 
we  need  .1  ctunparatively  bard  surfaced 
pajier  that  has  absorbent  (|ualilies.  but 
not  too  .ibsorbent. 

How  Docs  a  Blotter  Take   U|.  tlir   Ink 
of  a  Blot  ' 

It  is  because  the  blotter  has  a  very 
excellent  ability  to  ah>orb  some  li(|uiils. 
The  thinner  the  li(|ui.l  the  more  easilv 
the  blotter  will  absorb  it.  Ink  is  thin- 
being  mostly  water— the  blotter  is  of 
a  loose  texture  and  h;is  a  rough  stirf;ice. 
This  gives  the  blotter  the  ability  to  pick 
\:\>  the  ink.  just  as  a  si)onge  would  do. 
.\  sponge  h.is  wli.it  is  called  the  power 
<f  capillary  attraction  and  s,,  ha^  the 
blotter. 

W"herc  Does  Chalk  Come  From  ? 

I'eposits  of  chalk  are  found  on  some 
shores  of  the  sea.  .\  piece  of  chalk 
such  ,is  the  teacher  uses  to  illustr.ite 
something  on  the  blackboanl  ,it  school 
consists  of  the  remains  of  ihous.inds 
<  f  tiny  creatures  that  at  one  time  lived 
in  the  sea.  .\ll  of  their  bodies  except- 
ing the  chalk— called  carbon.ite  of  lime 
ill  scientilic  language — has  disappeared 
and  the  chalk  th.it  was  left  was  pile<l 
I'p  where  it  tell  at  the  bottom  of  the 
ocean,  eacii  particle  pressinjr  against 
the  other  with  the  water  pressing  over 
ii  all  until  it  became  almost  soli,|.  It 
took  th.ousands  of  years  to  make  tlu-e 
chalk  deposits  of  the  thickness  in  wjiieh 
they  are  found.  Later  <hi.  through 
changes  in  ijie  earth's  surface,  the 
n'ountain  of  ch.dk  was  raised  until  it 
stoo<l  out  of  the  water  anil  thus  became 
.leei-ssihlc   ii,  niaii   and   school   ti.-ichers. 

How  Did  Men  Learn  to  Talk? 

I'alkiug  .and  the  woi,],  n^d  eanie 
into  l.eini.'  tlnomjli  the  desire  of  nun  to 
communicate  with  each  other,  j'.etore 
words  became  kniwii  aiul  v~ri\  m.in 
t.dked  to  those  al  out  hmi  by  the  use 
of  signs,  gestures  and  other  movements 
ol  the  body.  I'.veii  to-day  when  men 
meet  who  cannot  talk  the  same  langu:ige 
they  will  be  seen  trying  to  come  to  an 
iMiderstanding  by  the  use  of  signs  and 
v;i  stures  .iiiil  generall\  with  f.iir  results. 


WHS   \M    col  M   IN   rr.Ns 


I  hi-  iii'i'ij  of  tnoro  sijjiis  aixi  j'r-.turi-'i 
I'l  tx).rfss  a  constantly  iiion-asin),'  miin- 
lur  of  oliji'i't<  and  ihoUKlits  K-il  to  ilu- 
iiilroilnction  of  soumls  or  conitiiiialion 
i>t  sMuiiils  niailc  with  the  voi-al  conls 
I"  a(i-oni]iany  certain  sijjn-;  and  >;»■■;- 
Mirc^.  In  this  way  man  vvcntiiall\  cU'- 
>rlii|ic(l  a  very  consjderalile  lacnhy  lor 
■  \jpre-sinjj  himself.  Si},'ll  hy  sijjn,  j;e«- 
inve  hy  ^jestnre  ami  souml  hy  sonnd 
!.mi;na>;c  was  slowly  developed.  .\  man 
>. oiiM  he  tryinj;  to  explain  something 
11'  another  hy  si>;n  or  >;estiire  and  to 
make  it  more  clear  would  make  a  sonnd 
'■r  coinhinalion  of  sounds  to  ]iut  more 
r\|iression  into  his  et't'orts.  I'inally  the 
'ilher  man  would  imderstand  what  was 
meant  and  he  would  tell  some  one  else. 
I'sinp  the  same  sijjns,  j,'estures  anrl 
Miunds.  Later  on  it  would  clevelopth.it 
lo  express  thus  any  certain  thous,'ht, 
..<t  or  the  name  of  a  thin>;.  all  ol  the 
jieojile  in  the  connnunity  wouM  make 
this  s.inie  comhination  of  sounds,  signs 
;md  >.'estures  to  express  the  same  thini; 
I'in.dly  the  gestures  and  signs  wonM 
lie  dro|ipc('.  and  it  was  found  th.it  peo- 
ple understood  perfectly  \\h;it  w.'is 
n;e;int  when  oidv  the  -oniid  nr  i-imilii 
nation  of  sounds  w.i^  prodnicl  Tli.it 
made  a  word.  .\I1  the  other  wur.K  wrre 
n!;ide  in  the  same  wav,  one  .il  .1  time. 
mnil  we  had  enough  \\(>r'K  \n  express 
.ill  the  ordinary  thing--  ,nid  llie  comlii- 
n.ition  of  wonls  hecame  .1  l.nignage. 
I'he  children  learned  tlic  laiiLrn.iijc  hv 
hearing  their  jiarein-  l.ilk  il.  .iiid  lh.it 
:  -   hdw  men  learn^'d  tn  t.i'k. 

How   Did   Shaking   the   Head   Come   to 

Mean   "No"  ' 

Thr  nngin  ol  this  method  of  indi- 
'.itini;  "\'o"  is  found  in  the  result  of 
ilie  mother's  efforts  in  the  .inini.'il  king- 
dom of  trying  to  feed  her  young.  A 
mother  aniin;d  would  he  trying  to  get 
1)1- r  young  to  accept  the  food  -he 
Irought  tliem  and  tried  to  put  ii  in 
ilieir  motuhs.  Perliaps.  however,  thi' 
'  onng  anini.il  li:id  had  sufficient  food 
"r  did  not  fancy  the  kind  of  food  01- 
^iii'i.  i  in-  II, aural  iinng  10  do  under 
die  circumstance-  wonhl  he  to  close  the 
ii'outh  tight  a. id  sliake  the  head  from 
~  di   to  --i.le  to  pri M'lit  the  motluT  from 


forcing  the  food  into  the  mouiii.  I  hus 
V. e  get  liie  closed  li)>s  and  the  sh.ikiug 
the  head  from  side  to  sidt-  to  mean 
"\'o."  In  other  wor<ls,  tli.at  kind  of  a 
v.ay  of  saying  ".No"  e.anie  from  an 
elTort  to  s,iy  "I  ilon'l   want  an\." 

How  Did  a  Nod  Come  to  Mean  ••Yes"? 

1  lie   ide.l   of    Ilud'ling    lo   me.ill    "\  e-" 

comes  from  the  o))posite  of  tlie  .letion 
\\hich.  ;is  just  descrihed,  indicates  a 
••\o." 

When  the  young  .animal  was  anxious 
to  accept  the  ol'fered  food,  it  made  an 
etTort  to  get  .It  the  food  (|uickly. 
Hence,  the  pushing  forw.ird  of  the 
Ik  .ul  atid  tlu'  open  month  ( .ilw.iys  more 
or  less  opened  when  \ou  nod  to  indi- 
cite  "\'es")  ;i.nd  .in  ex|>ression  of  glad- 
ness. \'ou  will  notice  if  you  see  ;mv- 
one  nod  the  heail  to  indicate  "Yes" 
that  the  lips  ,ire  open  rather  tli.m  closed, 
and  th.it  there  is  ;ilw;iys  a  smile  f)r  ;m 
indication  of  ;i  --mile  to  ,accom]i:m\  it 
111  other  word-,  till  iind  to  nu  ,111  "N'l  -" 
i--  iin!\-  aiiiilluT  u.iv  of  s,i\iiig  "I  >li,ill 
hi    pleased." 

Why  Do  We  Count  in  Tens? 

When  ni.in  even  in  hi-  iiiiei\  ili/cd 
-t.ite    lound   it  e--,irv    lo  eminl.   the 

only  implenienl-  ,it  h.iiid  were  his  fin- 
gers ;inil  toes,  ,ind  a-  he  had  ten  toe- 
.•iild  tell  lin^'er-.  he  ii.iMir.ilK'  lie^.an 
enniitmg  ill  ten-  ;iiid  li.a-  heeii  doing 
-"   e\er   -ince. 

When  wi'  to-day  count  on  (nw  linger- 
\\e  coiitine  ourselves  to  our  tinger- 
1e;i\ing  our  toe-  stay  in  our  -hoes, 
where  tliev  n.'iHir.ilK  lielmig  I'.nt  the 
llr-t  men  w  ho  coniited  n-iil  holh  linger- 
and  lues,  and  so  he  w.is  ahle  to  couni 
twenty  helore  he  h.id  to  hegin  o\er 
.again,  wliile  little  children  to-iiav,  when 
they  count  with  their  lingers,  nin-t 
hegin  where  they  started  after  they 
re.arh    ten. 

What    Does    Man    Mean    by    Counting 
Himself? 

i'iie  expression  counting  himself" 
uas  originated  hy  the  first  man  who 
counted.  Such  a  man  would  count  ,il! 
of  his   fingers  and   toes  and   the   re-iilt 
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\MUiI.I     Ik      lui  hik  I  hill,     ~i.     ill., I     Ik- 

Wdtilil  rtiininlHT  the  miinlifr  nf  tiiiu's 
ho  li:i<i  louiUi-.l  liimsfH,  lie  madr  a 
mark  souk-  plaii-  i-arli  tmu-  \w  rtavlu'il 
(ui-iiiy.  I'lu'  mark  In-  maili-  wax  a  iiuri' 
-I  ralih  ill  tlir  <lirl  nr  on  a  line  (»r  .soiiif- 
thiIl^;  iUv.  id  makv  a  scratili  ymi 
imrtly.  of  tinirsi-.  siorc  llio  siirfaiJ  of 
wIlalfviT  yon  liapiuMi  to  hi-  soratiliin>; 
on,  ami  llial  is  how  it  hapin'iud  iliat 
till'  worcl  "Si-ori'"  ill  our  lanjiiiam-  to- 
ilay  iiuans  as  a  term  in  i-omitini;. 
twenty. 

IliiTi'  has  lici'ii  a  j;ri'at  flt'ort  niaik' 
ti.  ihanuo  our  system  of  counting;  in 
tins  to  oiu-  where  you  count  in  twelves. 
That  wouM  tit  in  very  well  with  our 
-system  of  measuriii),'  which  i-  haseil  on 
the  foot  of  twelve  inchfs,  ami  of  our 
i.ilciiiiar  for  recorilinij  the  passage  of 
lime  which  has  twelve  motitlis.  There 
re  many  arj,'timents  in  favor  of  tiiis 
li.m^e.  anionj;  the  jirincipal  of  which 
!  the  fact  that  it  wouM  make  onr  jiroh- 
K  ins  of  division  much  easier,  for  onr 
uu  can  he  evenly  divided  hy  hut  two 
I'l'  our  single  ti!,'ures.  two  and  five. 
\"  iiereas  twelve  can  he  evenly  divided 
!■>  four  of  our  sinj;le  tijjures,  viz..  tun, 
three,  four  and  six.  It  is  helieved  that 
sooner  or  later  the  system  of  connt- 
iliR  hy  twelve  instead  of  ten  will  he 
ado])ted  l>v  the  entire  world  for  connt- 
inK  everythinij.  .\s  it  is  now  we  do  ]>art 
of  onr  criunliu};  hy  one  system  .iiicl  p.-irt 
of  it  hy  another. 

Where   Did    Al'    the    Names   of   People 

Ony;inate  '. 

'\\<>  VI  1-  no  scientific  plan  1)\  uliuh 
|.,..|.lr  i,'ei  their  names.  There  is  not 
niiuh  except  curious  interest  to  he 
t'leaiied  from  the  -tiiils  nf  jiow  |M.(,|.|r 
Rot  their  nanus. 

In  the  earliest  days  of  the  world,  or 
III  least  as  soon  as  men  had  learucil 
In  spe.ik  hy  sounds,  all  known  |iersons, 
jilaces  and  K''fHii>s  of  human  heings 
ninst  have  h.id  names  hy  which  they 
c^nld  he  spoken  fif  or  to.  and  li\-  which 
they  w-cre  reco{;ni/ed.  The  -tiidv  of 
these  nanaes  .and  of  tlieir  ^iirxM.J  in 
civilization  enahles  tis  in  certain  in- 
stances to  tell  what  tribes  inii.iliitcd 
certain  p.irt^  of  the  e.irtli  imw  penpled 


I  \  desxiidant-  o|  an  entirely  dilleunt 
race  and  of  another  speech  altogether. 
We  learn  such  things  from  the  nanus 
of  mount.iins  ;md  other  thing's,  for  iu- 
slance,  which  still  clinj;  to  them, 

!  he  story  of  per-onal  n.inies  is  very 
complex,  hut  comes  from  ver\  simple 
he>;iiinin),'s.  The  oldest  persf.n.'il  n.imes 
were  those  which  indicati'cl  .i  v;roup 
of  people  rather  ih.in  imliviilu.ds  who 
Ui.iy  have  lieen  actually  related  to 
i;.ch  other  or  even  IhiuiiiJ  to,i,'ither  for 
reasons  of  protection  or  other  conveni- 
ence In  the  races  of  .\sia,  .\frica.  .\us- 
tralia  and  .\merica  examination  shows 
that  jjroups  of  |>eople  who  considereil 
themselves  to  he  of  the  s.ime  relation- 
shii),  attached  to  themselves  the  ii.imo 
ot  some  animal  or  other  ohject. 
whether  animate  or  in.iniinate.  from 
which  they  daimeil  to  he  <lescendeil. 
This  anim.il  or  ohject  was  c.dled  the 
'  totem."  and  thus  the  earliest  .ind  most 
widely  s|>read  class  and  f.imily  names 
are  totemistic.  .*^uch  j;roups  called 
tiiemselves  li\  n.mu^  from  wnlves,  tur- 
tles, hears,  smis.  iii(/(iiis,  hinls,  ;ind 
other  ohjects.  and  these  people  wore 
had>,'es  with  |)ictures  of  the  anim.il  tir 
ohject  from  which  ihev  to.  ,|,  ihcir 
names  to  iilentifv  lh<  in  to  ntlier 
people. 

When.  then,  we  come  to  iiu  e-.lii.,',iie 
the  };ivin,i;  ■<  jier-onal  naiiie^  amoiiir 
the  tril]i>,  we  ^le  tli.it  most  uncivilized 
i.-.ce-.  L;.i\e  ,t  ii.iine  to  e,icli  new-horn 
inf.inl  (liri\(d  iruni  -(Hik'  ohject  or  in 
clent  .^u  .a  new  IpMrn  iiieniiKT  of  the 
".'>un"  trilie  woiiM  lie  n.inie.l  '  D.awii." 
and  would  he  known  ,is  "nawn"  of 
the  ".'sun"  trihe  :  or  perhaps  :\  new  -horn 
son  of  the  trihe  of  "Wolf  would  he 
<;illeil  "I  liinL;r\-."  ;iiid  lie  kn..\\n  ;is 
•lliniurv  Wolf"  \  iiimilKr  of  the 
''llonil"  irilie  woiiM  he  n.niu-.j  '■Moni- 
inir."  hrc.in^c  111'  A.is  Ixirn  in  I'le  iiKirn- 
i'li,'.  Ill  womM  ,iK\.t\-  he  known  .i^ 
".Morniiij,'   (loud," 

Later,  as  society  hec,  nie  iimre  e-t.ali- 
lished  and  p;ittTnil\  hecanie  reco,!,'ni/ed. 
v. e  tini!  llie  t'lteni  n.inie  ;,'i\e  wav  lo  a 
-entile  n;:niv  \:i.:,n^  the  Crock-  air! 
K'nin.iiis  the  ^v-tein  was  early  adopted 
.•mil  pro\ed  satii,f;ictory.  Thus  we  have 
Cains   Jiilins   Caesar.      Cains   indi.-ates 
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that  ho  i*  Hiiiiian:  Jiiliti"*  is  the  fjciitiU' 
iiaiiif  jrivfii  liiir  ami  tlic  I'acsar  a  sort 
lit  JKTi-ilit.iry  iiickiwimi'.  <  Mi  the  other 
hainl,  i1k-  tarly  ( ir«tlx>  luKan  tlu-  system 
<,f  itilniiltu'int,'  a  local  iiami'  itistcacl  of 
the  niMilili-  name.  Tims  'rinicyiliiU's 
(ol)laiin<l  from  tlie  ^t.iiidlattur ),  ttto 
siiii  of  (  )liinis,  of  till'  I  K'tiK'  (towiivhi])) 
I.:    Ilalimii>ia. 

'I'lii-  was  all  rifiht  ami  siiitiil  the  ynir- 
|io-.cs  of  till-  ( i reeks  ami  Romans,  who 
I, ad  |ilrlity  of  time  to  jjive  full  expla- 
nations  in  this  way.  lU't  in  I'.urojte,  for 
instance,  ii\  ili/ation  demandeil  more 
si)ee<l,  ami  tlie  increase  of  |io|iiilation 
iliniaiidi'i  more  names,  so  th.it  nick- 
n.Mnes  and  names  indie.atinjj  person. il 
deserijilions  and  |ieculi.irities  came  into 
nse.  Such  n.ames  as  I-oiiK.  Short. 
Small,  l'.rowtt.  White,  (ireen  and 
iiihers  of  the  .-.ame  kind  came  from  this 
source,  .•utd  ;is  f;imilies  grew  these  sur- 
n.imes  stuck  to  the  f.imity  and  parents 
U'ave  their  children  Ihrisiian  names  to 
further  di>tins,'uish  them  ;is  'ndividuals. 
(  >ther  >urn.ime^  such  as  I-'owler.  .*sad- 
Icr.  Suiiih.  h'armer,  etc..  hecime  ;it- 
t:iched  to  people  lieciuse  of  the  occupa- 
tions in  wliicli  thev  were  en.i;aj;ed.  and 
\et  other  names  were  derived  from 
places.  The  owner  of  an  extensive  es- 
tate would  he  designated  hy  a  Christian 
name  which  mif;ht  he  (Imrge  (.after 
iiis  Kinj.;!  ;ind  then  to  imlicate  his 
1.  inlowiiership.  von  ( nieanini;  of) 
\\(io<l.  making  the  comhin;itinn  of 
(  .eor)j;e  von  Wood,  meaninj;  ( leorj;e. 
ll'.e  owner  of  the  place  c.'illed  Wood. 
'  Ml  the  other  h.ind.  he  miyht  h.ive  work- 
Mij;  f(jr  him  ,i  Irdiorer  uhn  lived  at  ihr 
place  and.  if  his  name  w.i--  I  lir.nn.  tlir\- 
would,  tn  indicate  where  he  In  Imitjed, 
put  the  Wood  aftiT  the  liinun;  hut. 
lest  there  he  confusion  as  to  his  class. 
they  would  jiut  ;m  .\t  hefore  the  Wood 
anil  in.ike  him  Hiram  .\twood.  indic.it- 
in^  his  (hristi.an  name,  where  he 
\>  orke<l  and  the  f;ict  lh.it  he  \v;is  rml  a 
l.mdnwner. 

.M.iny  other  n.ames  witc  invmted  in 
~lniil,ir  innnner.  When  .\dains  lioc:unc 
-n  cnniiiiwii  tjial  tiiiTi'  Honid  iii^civ  lie 
lonlu-'ion  on  acumnt  of  there  hcinjj 
so  many  of  them.  ,i  ^oi,  of  one  of  the 
.■\d:mis   f:iniil\-   v.iiuM   add  to  the  name 


the  fact  that  he  w.is  a  son  by  writm^,' 
his  name  .Nilaiiison,  .and  thus  start  a 
new  family  name,  ihus,  in  the  same 
way  also  came  Willson,  I'larkson,  and 
other  names  of  that  kind. 

l"or  a  lon^j  time  the  Jews  had  only 
liie  wont  for  ;i  n;ime.  such  ;is  Isa.ic, 
Jacob,  .Moses,  etc.  They  became  so 
munennis  that  it  was  impossible  to  dis- 
tinmiish  them,  and  so  ;i  commission  w.is 
nameil  to  jjive  surnames  to  ;dl  the  Jews 
ill  adililion  to  their  other  n;unes,  .\s 
the  race  was  then,  as  now,  held  in  de- 
rision by  the  rulers  of  many  nations 
into  which  tlie  tribe  had  become  scat- 
tered, the  people  who  had  chart,'e  of 
the  namiiif,'  of  the  Jews  took  advantage 
of  the  opportunity  to  make  sport  of 
them,  and  a-.wv  them  such  names  as 

Hosetistock    (  Ro»e  bush), 

Koseu'-zwein    (  Rose   twijj), 

Roseiiliauni    (Rose  tree), 

IMumetlstnck     I  I'lower    btl'^ll'l. 

I'.lumenth.d   i  !■  Inwrr  \  ,dli  \  i. 
etc.,  etc. 

(  Hir  Christian  names  are  irnm  simi- 
lar sources,  ami  while  many  ni  tlu  in 
;ire  well  selected  hec.iuse  of  tin  ir  be.iu- 
tiful  iiieanin.i;s.  ilu-re  are  niaiiv  of  them 
which  me.an  nnthitiL,'  .i-  unrds  as  they 
were  onlv  invented  lur  the  purpose  of 
i,n'vin>j  ;i  new   n.mir  tn  a  luw  child. 

V'hy  Can  You  Blow  Out  a  Candle? 

When  Mill  lii^lit  a  candle  it  Imrn-.  lie- 
cause  the  !i,L;lited  wick  heats  the  wax 
.  ufticiently  to  turn  it  mto  j.;ascs,  which 
mix  with  the  (i\\L;cn  in  tlie  .air  and  pro- 
diice  lire  in  llic  innii  of  liL^lit.  \i>\\ 
know  it  i~  lint  e,i~\  to  li.u'ht  .a  candle 
i|liicklv.  \  on  iiiii-t  hold  the  lighted 
match  to  the  wick  until  the  w,i.\  lies,'iiis 
to  melt  .and  chatiije  to  ),'ases.  .\s  l(,n^ 
,as  the  \>,!\  cuiitinnes  hot  inoui^h 
to  nii-lt  .and  turn  tn  ij.as  iIr'  candle 
will  Imrn  until  .all  Ininied  np :  hut  it 
there  is  ,a  hri'ak  in  the  conlimioiis 
process  of  chans^iiiL;  tlu'  wax  to  };as, 
the  li.uht  will  go  out.  .\"nw.  when  vou 
blow  at  the  liijhted  candle,  \  i  m  hldw 
the  s;a-es  which  feed  the  tlame  aw.ay 
from  tiie  iiijiited  vick,  .and  this  makes 
a  break  in  the  ta)ntiiuinu-  llmv  nf  tjas 
from  the  wax  to  taper,  and  the  lij,dU 
pnes  out. 
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HOW  A  CA^\^l^\  tvkis  \  cicti  i^i: 


Tlic  St()r\    in  a  Pliotoi; /aph 


Kow  Does  a  Camera  Take  a  Picture  .' 

\\'iii;n'  wc  Iniik  ii|>nn  iIk-  ^iirfaii'  of 
a  mirror  uc  sci-  tlu'  imri>;c  of  <)iir>tli' 
ami  our  surnniiidiiiys.  TIr'  cNliiit  i>i' 
tliC  viiw  ik'iifiids  upon  llio  >'\/\'  ni'  tin- 
mirror  aiicl  tlu'  ili>ia)UH-  we  arc  ^tam!- 
in.ij  I  mill  it. 

If  \vc  IkjM  till'  mirror  c\n-c  to  our 
face  \vc  >i'o  only  tlu-  face  or  pirliaiK 
Init  a  iiortioii  of  it.  ami  tlu-  fartlur 
away  wc  are-  tin-  more  tin-  mirror  will 
riflcct,  only,  of  coursi.-.  tlu-  variou'; 
ima.t;i-<  will  \n-  smalkr.  'I'Ih-  mirror 
riflt-ctini;  i-.\ai'tl\  what  tlu-  i-ye  si-i->, 
uitliout  ilmilit  hail  a  threat  itilliii-tu-i-  in 
iiuliuiiii,'  the  i-x]iorimt-tits  that  rt-;iiltcil 
in  the  jTocess  we  call  photo-jrai  hv. 

Tlu-  tnkiiij;  of  a  pliotoi;raiili  with  a 
camera  may  in  a  way  he  coni|iareil  with 
the  acti<in  of  your  eyes,  wlu-n  you  sjaze 
upon  your  relleciiou  in  a  mirror,  or 
look  at  any  olijeet  or  view.  .\nv  oh- 
ject  in  a  light  stning  enough  to  remler 
it  visihlc  will  reflect  ray.^  of  ligh.t  from 
every  point. 

Xow,  the  eye  contains  a  lens  very 
similar  in  form  to  that  used  in  a  cam- 
era. This  lens  collects  the  rays  of  light 
reflf^cted  from  the  ohject  looked  at 
at]d  brings  them  to  a  focus  in  the  hack 
of  the  eye.  forming  an  image  or  picture 
of  whatever  we  see,  ju=t  as  the  mirror 
collects  the  rays  of  light  and  rellects 
them  hack  through  the  lens  of  the  eve. 

Certain  m-rves  transmit  the  impres- 
■^-on  of  the  image  so  focused  in  the  hack 


'>'   du    I '.  I    1  I  tile  hrain  and  we  experi- 
itice  the  seti-.alion  of  sight. 

What  Is  the  Eye  of  the  Camera? 

Ihe  K-n>  is  the  eyi  li"  the  c;imera, 
.Hid  till'  process  Wv-  i.ill  ]ihotographv 
ir  llie  UKliiod  employed  to  make  per- 
ii'anent  tlie  image  the  eye  or  lens  of  the 
canura  pre-ents  to  a  sensitive  >urface 
williin   the   camera. 

i-'ig.  I  -hows  a  sim])le  form  of  cam- 
era, i;  lu'ing  merely  a  light  light  hox 
villi  :i  len>  lilted  to  tlu-  front,  .-uul  a 
pieaii-  for  holding  a  si-nsitive  pl;ite  at 
Ihe  hack,  the  pl.ite  heing  pl;u-ed  at  jus* 
the  right  (listance  to  focus  the  r.iys  of 
hgiit  ;idmitteil  through  the  len>  in 
i-xactly  tlu-  -.line  m.inner  ;is  the  ravs  of 
light  |iass  through  the  lens  of  the  eye 
.ami  come  to  a  focus  in  the  h.u'k  lart 
of  the  eye. 

Xow,  if  we  could  look  inside  the 
camera  we  would  note  that  the  image 
\v;is  inverte<l.  or  upside  down 

I'ig.   J   will   explain    this. 

The  rays  of  light  from  ".\"'  |>ass  in 
a  straight  line  through  the  lens  "R" 
initil  they  ;ire  interrupted  by  "C." 
upon  which  they  strike,  forming  an 
iijjside  down  image  of  the  ohject  "A." 
I'.ut.  you  exclaim,  "we  do  not  see  things 
UTiside  down."  Xo,  wc  do  not,  because 
some  mental  process  readjusts  this 
during  the  passing  of  the  impression 
fr.)in  the  e\e  'o  our  brain. 

Let  us  suppose  we  have  our  camera 
loaded  with   its  >en-itive  plnfe  nr  fihn 
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\\c  -ilccl  >nmo  ohjrcl  nr  mow  \vr  \\!-i[ 
iM  i)lii>tii^;r;ii'li.  iiiK-owr  tlu'  Kn-  l^r  an 
i;mt.  and  k'l  tlic  li.t;lit  Mn|>rc»  thf 
ijio  ujion  till'  M'nsilivc  surtat-c  of  tlic 
j.l.ilc  or  t'llni.  Now,  how  arc  wc  Kimif; 
I,-  niako  tliis  iinaj;c  piriuaiicnt  ? 

It  wc  were  t.)  (.xaniinc  the  creamy 
\illo\v  >lrii)  of  lihii  ujion  whieh  the 
|,!,ture  \\:i>  taken  there  wouM  seeni- 
•  ,-lv  lie  no  (hllerenee  l)et\\een  its  pres- 
,  nt  'ali|>earanee  and  hcfore  tlie  snap- 
-lioi  was  made. 

Now  let  us  sujipose  that  tl  i-  •^triji 
,  f  lihn  is  a  httle  trundle  hi'd,  and  ni  it 
nukvcl  securely  away  from  the  li^ht 
;rf  manv  lui'ndreils  of  little  ehaps 
,lK-d  silver  l.ri>mide-.  little  roly-poly 
i.llows  Kins;  ju-t  a-  close  toi,'ether  as 
I  ,i~-.il)K-,  ami  im-H-cted  hy  a  coverlet 
,,;'  pure  white  (gelatine. 

rmil  the  sudden  flash  of  li-ht  m 
ihcir  faces  when  the  picture  was  taken, 
liny  have  heen  content  to  lie  still  and 
-Icep  smuidly.  Xow  they  are  seized 
\v  ith  a  strar^e  unrest,  and  each  little 
:iioui  is  cat;er  t.)  do  his  jiart  in  show- 
iiiir  vour  ])icture  to  the  wor'''.  Alone 
iluv'are  powerless,  hut  they  have,  all 
unhekiiown  to  theiu.  some  powerful 
cluntical  friends,  who.  orjjanized  and 
aide.l  hv  the  photos:ra])her.  will  hrinp 
ahont  their  transformation.  These 
chemicals,  with  the  help  of  the  j.hoto.^- 
rapher.  form  themselves  into  a  society 
railed  tlie  developer 

The  ]ihotoi;rapher  take-  just  so  many 
f.f  the  tiny  feathery  crystals  of  pyro. 
just  -,,  niany  of  the  clear  little  .atoms 
of  -uljihite  of  sO(Ui.  and  just  so  many 
little  cr\>tal-  of  carhoiiate  of  soda,  and 
tr.nihles  them  al'  into  a  heaker  of  clear 
M  water.  Liiuitled  hy  each  other. 
f  these  chemicals  would  he 
to  hell,  their  little  hromide 
fneniN.  The  tir-t  of  tlieve 
chiiiiic.ds  to  yo  to  work  is  the  carho- 
iiate of  soda. 

lie  tiptoes  softly  over  to  llie  trundle 
l.'d  and  ,s;entlv  hesjins  Inrnim.'  hack  the 
gelatine  covei-s  over  the  little  lironii<le 
of  silver  chaps,  so  that  I'yro  can  tiiul 
ilain  in  the  dark. 

It  is  Pvro's  mission  to  tran-fnrm 
the  little  silver  hromides  into  Mlver 
metal,  hut   he   is    raui'er   an   impulsive 


coll 
any  one 
|iowerU>s 
of    -ilvet 


i-,>e 

lieaps".  and  the  picture  wont  lie  a- 
IS    if    vou   wake   them   u|i   Kentiy 


lormeil 
\ilol)er. 


ih.ip,  Ml  ia'  1-  accunip.imod  hv  sulphite 
of  s(j<la.  who  warns  him  lU't  lo  he  too 
rouyli.  and  whose  sole  nns>uji|  i.>  to 
-tram  his  eatjerness  to  help  his  friends, 
■•(■o  .slow  now."  says  Sulphite,  ■'don't 
fri,i,diteu  the  hiiK-  Mivcr  hromides,  or 
von'll    make    them    cuddle    up    in 

nice 
,iiid 
e.-ich   li'ttle  hromide   stayed   just    where 
he  he!onj,'ed." 

.\fter  all  the  httle  silver  hromides 
that  the  lit;lit  shone  on  have  heen  trans- 
'  into  metallic  silver  hy  the  de- 
mother  chemical  friend  has 
to  ste])  m  and  carry  away  all  the  little 
hromides  that  were  not  awakened  hy 
the  Hash  of  tight. 

This  friend's  name  i-  '■Hypo.'  and 
in  a  few  minutes  he  has  carried  awa\- 
all  the  little  hromides  tint  are  still 
s'eepinj,',  so  that  the  trundle  bed  with 
the  now  awakened  and  transformed 
silver  hromides  will,  after  washini;  and 
drviiifr.  he  called  a  negative,  and  ready 
to  print  \our  jiictures  frotu. 

If  we'  take  this  ne.yative.  as  it  is 
called,  and  hold  it  up  to  the  light,  we 
will  see  that  everything  is  reversed, 
not  onlv  from  right  to  left,  hut  al-" 
that  whatever  is  white  or  light  in  color 
i--.  dark  in  the  negative,  and  that  wh.at 
would  corres]H)n(l  to  the  darker  jLirt- 
(.f  our  i)icturc  are  the  lightest  in  the 
negative,  and  it  is  from  these  fact  ^ 
that   we  give  it  the  name  negative. 

Xow,  to  get  our  ])icture  r..^  it  should 
he,  we  must  p'.ace  this  negative  .n 
contact  with  a  sheet  of  (.oated  paper 
that  is  also  sensitive  to  light. 

So  we  place  the  negative  and  the 
sheet  of  sensitive  ]>a])er  in  what  is  calK  d 
;  iirinting  frame,  with  the  negative 
niipermost,  so  that  tlie  light  may  shine 
through  the  negative,  ,ind  impress  the 
image  upon  the  sheet  of  sensitive  paper. 
Xow,  it  stands  to  reason  that  if  the 
lightest  parts  of  our  picture  are  the 
darkest  in  the  negative  that  less  light 
can  pass  through  such  (portions  of  the 
negative  in  a  given  time,  so  that  with 
the  proiKT  exposure  to  light  the  image 
ujion  the  sheet  of  sensitive  p.-qier  will 
ill  a  coireCt  picture  of  whatever  the 
lens  sa*. 


HOW    SHOOTING    SHLLLS   ARL   PHOTOCiRAI'lllI) 


T..K  swiit.>t  tliiiiR  that  the  tmnian  race  h..>  ever  put  into  nioti,,,,  ,s  the  steel  nrojectil.- 
.1    a      velve-,nch   mm       .\„  hmnan   eye   ean    fullow   its   tliK)it.      Kelease.l   at    a   pr.^.surc      C 

I      t   In  rls  thro„Kh  the  a,r  at  the  rate  „,   twenty-live  miles  a   .nitutte.   at„l   reaches   the 

'"'■    ' '     "'  """"'       "'H-t.ires  a.M  story  hy  co„rl.sy  of  M.Ch,re-s  Maga^itR-. ) 


TUK.\TV-I  IVI-:  MII.HS  A  MINI   TK 

As-     l-A.U-HK     Sl,.KV.     imMKMKl,     WITH     A     SlRII>    „V     RhMVKKAIIll 
VMTlf    TlIK    l-ASifsr    Camkka    I\    TIIK    \\oKI.I> 
Hv    t'l.KVKI.ANtl    MOKFFIT 


I'HnTOGRAI'll- 


'  'm;  of  tlio  most  jirogrcssive 
1  raiicliis  of  otir  iiiilitarv  sorviic  is  tho 
Dqiartimiit  of  Coast  iK-fonscs,  which. 
r.ndiT  till-  far-seeing  j,niiil:iiK-i'  of  <  !en- 
cral  [:.  M.  Weaver,  hoi. Is  our  shores 
and  harhors  in  a  state  of  alert  i)roi)ar- 
a.t;ain-i  foreii;n  ajij^ression.     At 


edni 


Hampton  Roads  sits  the  Coast  Artil- 
Ury  I'.nnrd.  roni],(;sei!  of  of^eers  and 
iimstiltinj,'  eni,'ineirs  to  whom  are  re- 
fe-rt'd    ;il|    protileii'^    relatinij   i,,   er.a^t 


artillery,  and  who  have  the  respon^i- 
hlity  of  testiiii,'  .all  new  itistrinncnl- 
propo>ed  for  artillery  use.  Tiie  pur- 
Iiose  of  this  .article  is  to  <lescrihe  one 
;in)oii{r  several  imtahle  achievements  of 
the  llanipton  Roads  Coast  Artillery 
School,  this  iKirticular  work  havinij 
heen  done  by  Captain  F.  j.  I'.ehr  of 
ilie  (oast  Artillery  Corps,  "who.  .after 
years  of  effort,  has  recentlv  developed 
:i   <vste!ii  thrit   tn.ikc'.   it   pn-Ml.lr  t.i  lake 


THC   PASTCST   CAAAERA    IN   THE   WORLD 


i 


•  ni     .•cj^ljf^ 


1 


Tlic  Wk  Kim,  cMiiilM'i''!  ""''  l'"'  t'^''-' 
caiiura  simttur  in  the  «orl.'.  ali..;!!  la  be  l.n.l 
and  tlic  blull  plialxKraplu  d. 


■or  years  a  voiinR  otticcr  of  the  Coast  Artillery  lias  been  tryinn  to  devise  a  camera 
icredilily  swift  that   it  will   record  every   stage  of   this   hghtiniiK   tliKht   from   tbe   >>mi- 


so  incre<lilily   -  -     ,,         ■ 

liarrel   to   the   target.     At   last   he   has   succeeded.     His   photographs— -..me   ot 

one   hundred    thmisamlth    of    a    second    apart— have    revealed    remarkable    and    unsiispcctc  i 

facts  to  tlie  military  world.    The  story  of  '   s  invention  liad  never  before  been 


them    taken 
nsiis] 
told. 


l.icturcs  of  the  swiftest  moviii;;  lio.lics, 
the  sri^at  steel  projectiles  of  our  Mr- 
Sest  gtiiis — to  seize  them  with  the  cam- 
era's eye  as  they  hurl  through  the  air 
at  eiiormotis  velocities  or  at  the  very 
niomeiit  of  their  emergence  from  the 
Stin  tiitizzles,  and  to  preserve  these 
ima.t,'es.  never  seen  before,  for  military 
stmly  anil  comiiarison.  ('ai)tain  I'ehr 
was  ahlv  assi>te(l  in  this  work  by  Engi- 
neer J.   A.   Wilson. 

Reckoning  in  Millionths  of  a  Second. 

Sonif  ni   the   iiurcnients  and   decre- 


ments of  time  involved  in  the  series  of 
photograjihs  herewith  published  (sev- 
eral of  them  for  the  first  time)  are  as 
small  as  one  ten-thousandth  part  of  a 
second.  And  t"a[itain  llehr  has  devised 
a  method  of  taking  photographs  of 
projectiles  as  they  arrive  at  a 
steel  target  and  ]ienetrate  the  tar- 
get, inch  by  inch,  that  involve.^  in- 
crements or  decrements  of  time 
as  small  as  the  one  hundi'ed- 
tii0u.-.itruli ii  parr  »"'T  ;;  ;-cCv'm1'';.  i ;: 
the  uninitiated  it  seems  incredible  that 
such  infmitesimal  divisions  of  time  can 


Till    I'RO.Il.Clill     IMIRdINd   I  ROW    MOklAR 


Iji'   um<1   111    |.r;K-iic;il   oalculauoiis ;   Inu 
.very  traiiK-il   |)liv.icist  knows  that   in 
irl<  sciiiiti-ts  f)i'  lo-dav  speak 


iTstially  ni'  oxpcriiTicnts  tliat  taki-  a^- 
iinint  of  txcc-tciilhs  or  oiir-triith  of  a 
iiiillioiitli  fart  of  a  second' 


i 


1'/  (J 


IT- 

!•.-. 

til'.' 

ill 

r.lt 
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\\li:it  li.iiipi'iUMl  to  till- imijiM-tilc  alter  What    is   tlic   actimi    al    tlu'   imivlr    ot" 

It  leaves  till'  j,Min.  or  after  the  discliar^'c  .!;.',^es  {generated?     \\  hat  .-hajK  i|.)  these 

(  I  the  fjtiii,  ami  l)el"ore  the  iirojeetile  iia<  gases  assume  as   they   leave  the   (jim  ? 

!ii,|  liiti,-  In  is,ne  I'roii,  the  mm-harrel?  \\hat  causes  the  iiuich-discussc-!  " -as- 


TIus  sCL.ir.i  ph.  ioKrn|)h  shows  the  prujectile  almo~i  eiuinlv  ..ut  it  tlie  ni.irtar.  Us 
~liarp  iirise  niay  be  seen  ahove  the  "Kas-rinK"  fornaiiy  at  .ts  iippiT  end.  Tlu-^>>  "j<as-riiiK-." 
T  "Miiokc-riiiRs,"  come  without  warniiip.  and  only  occasionally,  perhaps  oiue  in  eiylit  ..r 
;.n  ili.-tj.  Thry  rise  swiftly  iu  the  height  of  ;ifty  ur  a  hiai.iiA.l  u,i.  ^r,jw,i,^  t.HKn  .""i 
larg.r.  anil  Rivins  forth  a  weird,  shriekitiR  s,nHid  like  a  second  proieetile.  Some  insist  th..t 
these  "snioke-riiiKs"  are  as  hanl  as  steel,  owing  to  the  enormous  compression  of  their  e.im 
IiosuiR  gases,  ami  the  story  is  told  of  a  hird  cau,i;ht  in  the  path  of  one  of  them  and  torn  to 
pieces. 


it  J 


TMi:   I»P().I|-C Til  I.  HIDDHN  in    TMI    SMOKI:  COML 


riii«>"    that    sometimes    form    when    ;i  the  liont  ni  iinpact  ?     k  ii   va|inii/,,:- 

ii'.ortar    is    firiMl,    an. I    ciitnuT    .|..    not  (irwiiat?     I  lif-c  an- -(inir  of  llu  i|n. - 

liirni?      \\lial    |ilK'ti(pnii-iia    alien,!    tlic  t-nn-  that   t  a|.I,iin    iMir  -ot  hiinxll    In 

.irnvalcif  thf  priijirlilc  at  a  -olid  sUtI  ■dive,    or    to    lalp    ui     Milvin-.    a-    In- 

tir^rt-     I-  till'  -uvl  actually   fused  hy  \Mirlsiil  out  his  .m'tlioiU  ui  rapid  ])li()- 


Iii  til,-  iliini  i.li.,|r.i;r;.i.h  tli. 
[MitT     oi.rt.      It   still   hides  the 


[in<jcrtili. 


'lu-  IS  aim- 
althous;!! 


1  rlrct  j:i'l  ,i:i\i: 
!:ittiT  is  tr-,-  ' 


UK     I.tUb 

at  .1 


.U.I, 


l..dtv 


rrt-.r.l'im''  "  t"";""   ■^'■■''   ">  "■•'<' to "LhicaRn"in'' one  hour.     At  iiiKht  the '•Vas-rinirs"  „re^ei,t 

■.f  th,.s,.  ,,h  ,    sra  ht   V     rs    ;  r  "r?"""  •■"•■''r^"'"  ''•■'"'^-  ''ke  riti^s  ,.f  Satt.rn.     A  stuHv 
'■•  ''■         ul.smn       at    he  c[U    (  l"'"  '"?''%"/  "'.'■  •Va.-rinKs"-ha.  U-,1  some  experts 
i..ti.tiiat  the  cause  of  the  riiiKs  is  defective  ramming  of  the  projectile 
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i"L:r,ipli\       III-  aims  wen-  strii-tly  niili-  (Irc'l-llinu-.miilli  [..iri      f  a  s<\nii,l! 
l..r\,   Iml    ln~   ri-sults   nuW    tasoinatin<,'  (  apt.iin    I'.rlir'-    l;i  i     lal    idea    \va>   I' 

.'I'1'i.'.il     III     llii-     KciKT.-il     imatjinatioii.  I'lili/r  M.mr  ].|irn(iiiu'iia  I'nmui-tr.l  w  iili 

I  .iin'v  <i(iMi"    ^'!- 'Iiiiil:  in   tlu'  mu-   Iniii-  lin'   ili-i  li  n-i^    Id   .u  Inal.',    I..       '      ■■■'.t\ 


llif    fiiurtli    |ili..i.,t;ra|ili    -h,,us 
tturty  u-ft  aliovc  tlu'  nuizzlf  nf  tin-  mortar. 


-uvnl, 


1  iiirrKiiiL; 
.1... 


llu'    >ii1(j1si'  c.Jiii-    about 
tn  fhr  rri---r- 


i.ir-i.its  neviT  wo  tlir  distance  target  or  vessel  thcv  are  firinK  at.  hut  pnim  their  mortars 
;.aordinK  to  (hrect.ons  traiismitlcl  to  them  fusii'allv  hv  telephone  1  from  ohservcrs  at 
<  i-tant  stati.gis.  And  so  ,i:r,.,„  ;,  .l^.^rce  of  predsinn  has  heon  attained  that.  <m  certain 
practice  occasions  at  Hampton  Roads,  a  record  of  nine  hits  out  of  ten  shots  has  heen 
-lore.l  on  a  rnovniic  target  tivc  miles  out  iii  the  ocean.  This  picture  shows  the  smoke-cone 
.IS  tirst   seen  hv  the  lumian   eve 


:;ii 


THi;    I'ROJLCTII.I,   HKiM    IN     IHi;   AIR 


I  iiiuin,liou>,  a  iiuvliimi^m  that  wniiM 
work  a  ra|)iil  shiittiT  ni  a  iiri)|>tTl\ 
{ilacctl   caiiiira.      Tin-    plu  iiniiutHiti    nf 


ii'iii-ussion  wa>  tncil  lir^t— ila-  >iiia>li 
n\  air  aj^ain-it  a  little  ■;\\iii>;inj;  (Inor ; 
lait   till     ua^  iimrh  lod  -\u\\ .      \'\\v  pro- 


A  CAMiRx   rn\r  IS  FAsrr.k  than  thi';  E-.\r. 


inliic  was  luin(lrcil<  of  yanh  away  Ik-- 
!'iri'  llif  caiiUTa  had  ri-;;i->ti'ri'(|  its  pji- 
'  irc.     Ami  that  clianci"  was  fjoinl 

In  tlu'  next  trial,  several  iiiumliN 
1  iiT,  laptain  Hclir  arraiifji'il  to  have 
ilio  fltrtriivil  coiinections  inadc  or 
Inikiii   l)y   tlu'  nidvcnu'iit   of  the  jj""- 

irri'.j,'i'  itM'lf  in  nvoilinj,';  hut  the  re- 

iiit   was  uiisatisfattory.     Xor   was  he 

niiire  fortunate  at  the  siicceeilinj,'  tart,'et 

i  taelii-e.   wlien.  iiavitif;   pla.ecl    the  ap- 

ratiis  farther  forward  on  the  parapet. 

'    had   the  eainera   demolished   hv   the 

■ree    of    the    eonetl>.sion    and    several 

•  ide>  of  the  rapid  shutter  hrokeii.    lie 
IS    satist'ied,    now,   that    his   etTort    to 

•  mate  tlie  e.ainera  nieehanisin  from  tin 
'inearriaije  would  never  jjive  the 
•inisite    precision    in    results,    ;uii|    lie 

w   that  he  must   work    with  ,i   device 

!  iKtionint;  more  reliaKK 

In   the  tnonlhs   th.it    follnui'l    luforc 

'  n-  next  target  practice,  the  Captain  did 

■me  experimenting',  and  linally  deter- 

I    iiicd  tnakin?  the  i)rojectile  itsi'lf  dis- 

■  lice    a    leiifjth    of     piaiio-uirr     lixnl 

ni-s  the  muzzle  of  the  t;un.  anil  thus 

•m;,ii    tlir  electrical  system  and  optr- 

•r  the  sluUter.      In  tlii<   wav  !ir  iluni- 

■  lied  trouhlesonie  varialiKs  i,i  recnil. 
'  isticitv   (it    tile   carri.ii,    ,   etc  .   le.tviiv' 


uK 


lie   tune   element    nt 


'  determini 

'iie  electrical  system  to   fuiictinn.       i'his 

'    -ult  was  admiralile,  and.  after  takincf 

-'  veral     simil.ar    pictures,    tlie    captain 

''■nnd  that  he  could  now  operate  witii 

:  le.at    precisioti — that    i-     he    ...nM    <,ret 

''•••■  same  |)h;ise  of  llio   di-cliari,'e    with 

iiosi  i(lomic,d  shajies  of  gas-cone  and 

iioke-cloud.    and    he    conld    get    these 

'TV  tittle. 

In    the    fall    of    ti|ij    (  aptaiii     I'.elir 

ncceeded  in  ohtaining   a       rie-  of  e\- 

"etuely    rapid    plmto-raplis    --iiowins,'    a 

'uclve-inch    mortar    hatterv    iti    action. 

■  1  taking  these  pictures  the  camera  was 

■  'iced  on  :m   elevation    alioitt    ten    feet 
'■ove  the  concrete  floor  and  about  sixty 

et  h.ack  of  the  mortars.  The  electrical 
I'evice  for  working  the  shutter  w.as 
actuated   \>\    tile  morl.ir   itself  in   its  re- 

'■*■'■  i  iiCSC      pU'tU^^  s       w  <.  J  e       i.llvell       Ml 

:il"Mit  op  five-thousandth  n\  a  ^e.-nnd 
-  -which  is  the  more  reniarkalile  as  the 
k;<t   two  were  'akeii  in   the  -hade  after 


4.,V  .S.M  Mie  I'lr-t  three  were  taken 
ahout  noon,  in  the  sun.sliine,  as  the 
shadows    show. 

So  preat  was  the  jireeision  of  the 
electrical  device  a.s  to  render  possihk 
the  photographic  recording  of  these 
mortar  projectiles,  moving  at  gre.it  \e 
locities,  in  .almost  any  desireil  |)osition 
.after  the  disch.irge,  say  two  feet  away 
troni  the  muzzle,  or  six  feet  .aw. ay,  or 
twenty  feet  away,  or  right  at  the  inuz- 
zle.  as  sho\Mi  m  the  lirst  mortar  pic- 
ture, where  the  great  projectile  has 
heen  caught  in  its  tli^lit  half  u,iv  out 
of  the  mort.ir. 

Pictures  Never  Seen  By  the  Human  Eye 

It  is  interestiiisT  |,,  ,,,,tj.  d,-!,  ,|f  d,,.,,. 
ti\e  mortar  pictures.  re|iresenting  t'lve 
phases  of  the  tinng,  only  the  last  two 
are  ever  seen  hy  the  hum.an  eve.  The 
t;:r  swifter  ■  .iinera.  .acting  in  aliont  one 
I'lvc-thousandtli  of  ,i  secoiirj.  has  caught 
.•ill  these  phases  .is  reproiluced  here: 
hut.  to  t!ie  ordinary  oiiserver  standing 
h. .  llie  lirsf  visihje  impression  after 
l;ring  is  th.it  of  the  s,ii,,|,e-cone  .ts 
developed  in  .Viiinher  h'our.  The 
stran-e  ■'powder-putt"  elVect  s|i,r,vn  in 
.■^Mimlier  ■jliri'e  i<  never  seen:  nor  the 
e.irlier  ellects  in  Xuniliers  I  ine  and 
iwo,  Xor  is  ;mv  souikI  he:ird  bv  :in 
observer  or  bv  tlie  gun  crew  iimil  the 
tliird  or  fourth  pb,:se  has  I,eeii  readied, 
I  Ills  i-;  .T  nriiter  of  sj,np!,.  calculation. 

Sound  tnivels  through  the  air  verv 
slowlv  as  compared  with  light.  ,ind  in 
.Vnmbers  One,  Two.  and  Hiree.  ab 
though  the  cr.isiinig  explosion  h.is  taken 
place  .and  the  projeclile  is  alread\- 
st.arted  on  its  loi^r  jotirneN.  tlie  men 
(e\en  the  l.iinard  in;in.  who  is  tu-ar- 
e-ti.  h:i\e  lie:ird  nothing,  sinee  the 
sound-w.ives  h;ive  not  yet  had  time  fn 
reach  their  e.irs.  Xor  has  the  mortar 
itself  had  time  to  recoil,  as  it  does  pres- 
eiitlv,  down  into  the  well  in  the  floor  of 
the  jiit. 

The  men  abo.ird  the  towing  vessels 
that  drag  the  floating  targets  during 
gini  aiicl  mortar  practice  would  seem  to 
Ih  in  ,a  d.angerous  jiosition.  sinee  the 
tow  line  is  not  more  than  two  hnmlrcd 
vards  long  for  guns  and  five  hundred 
\ards    long    for    mortars.    ;ind    a    verv 
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!>R()jrCTIl  IS  TRAM  I.   I  \STI  R    THAN    SOI  M) 


aptain  Hthrs  earliest  ittorts  ti>  photuKraph  the  projectile  trdiii  a 
an  on  the  platform  has  heen  ailjiistint;  the  eKn'trieal  connections 
that  actuate  the  camera  mechanism.  The  halo  effect  at  the  imizzle  of  the  gun  is  dnc  to 
compressed  air  caused  liy  the  forward  rush  nf  the  projectile.  The  projectile  has  not  yet 
eiiierner!  from  the  nui/zle  of  the  RUn.  On  the  right  is  the  phue  where  the  '  Merrimac''  anri 
the  "Monitor"  had  tl'eir  famous  tight. 


1  his  shows  one  of  C: 
tweUe-iiuh  i;'"'-  The  m 
that  actuate  the  camera  mechanism 


sliglit  error  in  ,-iini  or  a<ljustmcnt  nii^lit 
ratisc  a  deviatiiin  of  .several  hmidrcd 
yards  wlteii  the  range  is  eiglit  or  ten 
tliotisatid  yards.  .\s  a  matter  of  fact, 
~iK"h  errors  do  not  oectir,  ami  a  sjun- 
pointer  wfio  would  make  a  rif,dn  or  left 
deviation  from  the  tarjjet  of  ten  yards", 
oi  at  the  most  fifteen  yards  at  a  dis- 
tance f)f  five  miles,  would  he  eonsiil- 
ered  unfit  for  his  joh.  In  one  or  two 
rare  instances  .-i  towing;  vessel  has  lieen 
Mruck  when  a  jirojectile  has  fallen 
short  .md  then  ricoehetted  to  the  rJLdit. 
;.s  it  invarialily  does  owim;  to  its  rota- 
tion in  that  direction.  Tlie  riflint;  of 
tile  },nin-l)arrel  causes  this  rot.ition. 
Sonu-linu's     these     ijre;il     proiectilcs 


ricochet  several  times,  and  k"  houndine; 
over  the  water  as  a  pehhle  si<i[)s  .iloiif; 
the  surface  of  ,i  mill-pond,  onlv  there 
t'iay  he  the  (Hstance  of  ,a  mile  or  mure 
iietween  these  ijiant  le.ips. 

The  Projectile  Travels  Faster  Than  the 
Sound  It  Makes, 

.\  str.Tiiije  pheiionuMion  is  witnessed 
h\  tlie  oliserver  on  a  towinj;  vessel  as 
hr  looks,  rather  uneasilv  perhaps,  to- 
ward the  liistaiit  shore  hatterv.  that 
seems  to  he  tirim^  sfraiidit  ;it  liim 
l-'irst  there  is  a  ll,i-h  ;iiid  ,i  piitV 
(f  smoke;  then  imthini;  fur  a  pe- 
riod (it  seconds,  while  the  pro- 
jiclilf    is    on    its    wav;    tht  ii     -iidilcnK 


A    <il  N    IIIM     l>H()T()(iW\l'MI  I)    IIS    OWN    >ll(>l 


111  tlii<  licaiililiil  picture  tlic  luirliiiR  projectile  was  itself  the  photoKraphcr ;  that  t*. 
n  p;i'--iiin  iiiit  nf  till-  mm-liiml,  it  liP'kc  a  letiKtli  '^f  piaim-wirf  stretclud  acruss  the  muzzle 
mil  ilni-  aiitoiiiaticallv  cIum.I  an  electr.cal  circuit  that  actuated  the  cam.  ra  iiiechailisiii.  Atiil 
■■I  r;ipi.|  uas  the  -luiltcr  that  the  great  shot  hiirled  forth  in  tlie  cliscliarue  plintnj;raplie'l 
lire  ha>  ifl  vet  had  time  to  i>sue  from  the  Miiuke-cone.  where  it  is   still  hidden. 


•  jjnat  sjil.ish  a>  llio  mass  of  iroti 
-irikcs  till'  water.  Up  to  (his  nioiiu'tit 
litre  has  lioeii  no  soiijid  of  the  ihs- 
<  luirye.  no  sound  of  tin-  ])rojirlik'.  since 
I!  travels  fa-ler  tiian  the  sound-waves: 
lut  now.  after  it  lias  lnirie<l  itself  in 
ilie  ocean,  is  iieanl  its  nwn  unmistak- 
.ilile  voice,  a  low,  huzziiii;  inn  in  iit-in 
:'I>l>ripachine;  from  the  shore.  The  pni- 
iictile  it--elf  has  arrive<l  hrforc  tin- 
-'■iiiid  that  it  tnakes  in  transit,  and  the 
'iiiid  arrives  afterward.  Last  of  all 
heard  the  hooni  of  the  discharsre. 
t  iwini;  to  the  i;reat  velocity  of  ■;nn 
I'rojectiles.  it  is  alinu^t  iin|)ossihle  for 
an  ohserver  nc.ir  llu  l,iri,'et  to  see  thetn 
■,^  thev  .iiviini.ii  li  ;  l.nt   .1  tr.iilH'd  eve  r:m 


discern  the  slower  moving  mortar  pro- 
jectiles as  they  droji  out  of  the  sky. 
shrieking  as  they  come,  curving  down 
ward  from  a  iieight  of  four  or  tue 
miles,  half  a  ton  falling  from  a  hcigln 
ui  four  or  live  miles. 

It  is  diftictilt  to  realize  what  an  enor 
mons  force  is  released  when  one  •*! 
these  twelve-inch  guns  is  discharged 
The  pressure  inside  of  the  gun  behind 
tlie  projectile  is  hctween  thirty-t'ive  and 
fortv  thonsatxl  poinvls  to  the  s(|uare 
iiich.  No  engine  or  in.achine  maile  hv 
man  product's  anything  like  this  pres- 
sure. The  hoilcr  jiressure  in  steam-en- 
gines, or  in  hig  turhines  driven  by  su- 
perheated  steam,  diu"-  not   exceed   two 
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luindrol  or  ilinr  Imiiclrcl  poiitnl>  ti> 
ilio  s.|u;irf  iiuh.  I  In-  Uu^v  hy.Ir.nili,- 
l-rcssfs  tliat  wtuiM  <.riiiii|ili-  up'  ,i  m<.x\ 
j;irlir  do  not  ixirt  a  i>ri-.^iiri-  of  more 
iliaii  utiu  tlioiHaiiil  puuiiiK  Id  the  v|iiari' 
i.kIi.      I  1r-   uirl\    reason   ,i   ^iiu-Larnl 


>.  II  rt-isi  ihi^  pi.^Mii.-  I  ii.riv  tnousand 
I  "iiMd>  to  till'  s(|iiari-  iiuhi  is  that  it  i, 
I'tnU  up  in  a  sirii-s  of  conciMitru-  Mid 
ii'M.ps  or  luhts  shrunk  »\w  „wr  thi' 
othir  until  there  is  a  rcsistaiKc  capai-itv 
'  •    in.m    scv.iiiy    thousand    to   ninctv 


Thi. 
iiiiiif. 

!;.•!,).  th. 

mpllKHls  Ml  l.-iyiiiR  .-ui,i  i'x|,l,,(|'iii'ij  tiu'L".  i,,;,,,,^  ^^„  ,„,  \-  „-",  "  -•^'•"  ■"■"-  away,  i  ne 
charw  ..f  rive  l„„„|r,.,l  pimmlso.h,  ..;,,"',  ?""''  ''""  'T'''  '"  'his  case  a 
shatterc.1  target  ami  mine-lnu.v  are  seen  at  the  H^ht'  f".! "■''■  "'"''  JT^sn^-nts  of  ,h,. 
•".rlcl  ,.„..  ,l,e  a,r  .,   ,l,ese  ex•,,Io.^,^^  „  ^^   ;,;^^^  /  ,   ;;\P;«-<.     Tons   of  water   an- 


{)IIOtt.^,  ,1)111      111  I    M  I    ,1  1   s      ,   It.  .!  L,   r      'inii     •  !      .    .       ."  •  .      . 

-\  target  al.om  :;  l,v  ;  feet    with  nr.i  tin  ,  ,';'•'.'  '"   '""•''■'  ''^''fn'f-the  stihniarine 
■I-'  -1  l.-.yinK  at„I  ex„l„,li„„  ,i"  .      ,;  '  T  J    \'""^^  ^^".'^"  ^''veral  mile.  away. 
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ihoii-aii.l  |i(ui,i(is  10  :lu'  s^nLirr  imii 
I. Mil  at  rest,  llu-  barrels  of  iIum-  ynat 
ulMl^  are  ^.•^!l•^  >iuh  fiioriiinii>  iiiiti|iri's- 
-lull,  Imni  iH-iiin  thus  sijiiii'zi'<|  within 
llii-^e  olltiT  sU-i-i  oiiviTiiins,  that,  if  the 
ictaininy  sti-fl  jarkets  were  suil(|j>ii|y 
'  lit.  tin-  IuIks  wiiiiiil  liliiw  ihiin^clvi's 
'111  |iic<t.-N  fnim  the  violeiil  reailinii  of 
1 1  lia-f. 

.\<il  only  cloi-s  this  Miinki  Irw  ]io\vilir, 
liiniiii^,'  iii>iili'  tiu'se  mm--,  prniliu-c 
.  luirmous  iiri'ssuro,  hut  it  i,'>'>«TaUs  in 

'■nci-ivalily  j;ri-at  iieat.  Water  jjuils  at 
MX)  (  enti},ra<le;  iron  nulls  at  I4tx)  : 
i  laiimim  an  I  the  most  re^i-tant  nietal-> 

1  J<xx)  :  while  the  holiest  tiling;  on 
«.  rill  is  the  teiii|ierature  of  llie  eUclrie 

le.  in  wliieli  earhoii  hoiU.  Tliis  te:n- 
!  1  raliire   i>   lielween    ,V^x>     anrj    inrxi' 


■  ■III)  .j_v»  rounls.  th.it  I-.  the  ;;uii  uiniM 
III-  worn  out  if  tired  every  three  hum 
ftes  for  a  --Inyle  day.  After  tiiat  a  new 
life  may  he  ),Mveii  it  hy  horiiit;  out  the 
II, tier  tiihe  and  fiuttiii^'  in  a  new  ^l^l■l 
hnin;;, 

A  Secret  foi  Which  Foi  11^11  Govmi- 
ments  Would  Fay  MiUioiiit. 
\  few  wurds  iiia>  hi- adiled  ahollt  the 
fiirniidahle  smokeless  powder  u^al  in 
ihe>e  j,'reat  yiins.  This  |Ktwder.  in  spite 
01  its  terrihie  power,  is  of  inniH'eiit  .'ij) 
pi  aranee.  :itid  .a  small  stick  of  it  mav 
le  held  safely  in  the  liaml  while  il 
liiinis  with  ,1  vi\i'!  yellowish  tlame. 
I  here  is  no  ilanijer  of  its  exjilod'Hij  or 
detonatini,'  like  jjun-eotton,  and  \et  it 
i-  madi-  from  i^'im-eotlon.  treateil  hv  a 
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I  eiiti),'rade.  and  is  I.elieved  I"  he  the 
^ame   as   that    of    these   jjreat    powiler 

hamhers  w  I  <n  the  .t;un  is  fired.  Thus 
diamnnd.  the  hardest  sulKtanee 
1  nown,  would  melt  in  the  harrel  of  a 
!>■.  elve-ineh  fjun  at  the  moment  of  dis- 
■  harjje.  The  conse<|iieiu-e  is  ih.il  at 
'  leii  disehartje  of  a  hit;  mm  a  tliin  skin 

f  metal  insiile  the  harrel  is  literallv 
Mised,  aufi  this  leads  to  rapid  erosion 
I'f  the  softened  surfrues  under  the  tenr- 
ini;  pressure  of  jjases  generated.  The 
lifiintr  is  worn  awav  :  the  h.::v.:]  over  thi- 
p-'ojeclile  heoomes  loose-tittinj;;  and 
-■onn  the  huije  f^uu.  that  has  cost  such 
a  ffreat  sum,  is  rendered  unfit  for  ser- 
\  ire,     Thr  life  of  a  twelve-inch  irnn  is 


colloithiii,'  I'rocess  that  is  one  of  oui 
iealously  sjuarded  military  secret- 
There  arc  foreiirn  governments  tli.it 
■I'ould  irive  millions  to  know  e.vaeilv 
how  this  powder  is  made  and  how  it  i~ 
preserveil  for  years  without  deteriora- 
tion. The  recent  d.'struction  of  two 
ships  of  the  French  navy  was  due,  it 
i--  helieved.  to  deterioration  of  their 
-mokeless  iwiwder. 


Why  Do 

to  Fnl. 


lie  Eves  In  a  Picture  Seem 
TTs? 


If  a  |)erson's  ]>icture  is  t.ikeii  wilh 
the  eyes  of  the  pe'-son  looking  directh 
ii  to  the  lens  or  ojienini;  of  the  camer.i. 

then  tlic  i-Ms  in  the  piclnr.'  wdl  nhv,i\.- 


3r, 


WMV    \OV  CAN    RIOW  OUT  A  CANDLG 


I'O  ilinolly  on  ;m<l  ai>|>ear  to  follow 
wluRVir  is  liiokiiij;  at  it.  i'liis  is  also 
true  of  |paintiii,t;s.  If  a  sulijivt  hi-ins; 
painted  i>  iiom.i1  -o  a^  to  look  dircotly 


al  the  ;>aiiiler.  ami  the  arti-t  paints  tlio 
jiictiire  with  llio  cvis  so  pointi-il.  thin 
tl-.c  lycs  of  the  jiicturc  will  follow  yon. 
Whcti  yott  are  lookinir  ar  a  ])iitnre  of  a 
person  ami  the  eyes  do  not  follow  yon, 
von  will  know  at  once  that  he  was  not 
iookini;  at  the  camera  or  artist  when 
the  picture  was  beini;  taken  or  painted. 

Where  Does  a  Light  Go  When  It  Goes 
Out; 

I  o  nn  liT-l.md  th.;  answer  lo  this 
(|nestion  fnlly  >ou  will  lirst  have  to 
learn  what  li.uht  is.  and  ])artienlarly 
that  it  is  not  the  tlanie  front  the  aiis 
jet  or  of  the  lamp  or  e.mdle  that  is 
iKtiially  the  li,i;ht.  hut  that  li.i,'ht  con- 
sists of  rays  or  waves  in  the  ether, 
which  is  constantly  in  all  sjiace  and 
even  in  our  hodies,  coniin};  froni  the 
sninethin.i,'  that  is  hnrninjj.  This  in  the 
instance  ahove  mentioned  would  he  the 
pis  bnminij  as  it  conies  out  of  the  j^as 
jet,  t:  'il  ill  the  lamp  as  it  conies  up 
thronL'h  the  wick  or  the  flame  of  the 
candle.  We  arc  a])t  to  call  a  li},dited 
gas  jet  a  lamp,  or  a  candl",  !ij,'ht,  he- 


cause  it  is  steady.  Really,  however, 
there  is  no  sncli  thing  as  keei)ini,'  li.yht 
in  a  room  in  an  actn;.l  sense,  for  r.iys 
of  liijht  travel  from  the  suhstance 
which  produces  them  faster  than  any- 
tliinj;  else  we  know  of  in  the  vvorkl. 
The  tirst  thins,'  a  lij^ht  wave  does  when 
it  is  once  created  is  to  j,'o  some  place, 
and  it  does  this  at  the  rate  of  iS().(x)0 
miles  per  seconcl.  If  it  cannot  pene- 
trate tile  walls  of  the  room  it  is  either 
rellecteil  hack  in  the  direction  from 
which  it  c.ime  or  transformed  hy  the 
ohjects  which  it  btrike-  into  some  other 
kind  of  eneruv. 

When  you  loolc  at  tl.e  mys  coming 
from  ;i  gas  jet,  you  do  not  see  one  r.iy 
for  more  than,  "say  the  niillionth  part 
of  a  second,  but  because  these  rays  of 
light  come  so  fast  one  after  the  other 
from  the  burning  jet  anil  spread  in  all 
directions,  they  seem  to  he  continuous. 
.*^o  you  see  that  the  rays  of  light  are 
going'away  as  fast  as  they  are  coming 
from  the  gas  jet.  They  either  go  on  as 
light  or,  as  said  ;ihove.  are  ch.inged  into 
otlier  forms  of  energy  when  they  strike 
things  they  cannot  ]);-netrate  in  the 
form  of  light,  or  rather  one  thing. 
V  hich  is  heat.  .\  large  jiart  of  it  goes 
ir.to  the  air  in  the  room  in  the  form 
of  heat,  as  you  well  know,  now  that 
it  is  called  to  your  ;i!tiniioii.  Some  of 
it  goes  into  the  furniture  and  some  of 
I  is  changed  into  another  form  of  heat, 
u  liicli,  combining  with  the  chemicals  in 
I  ther  things  it  mixes  with,  changes 
their  appearance  and  usefuliie-;s.  .\s. 
for  instance,  the  c;ir|)ets  and  hangings 
ill  the  room,  the  colors  of  which  be- 
come faded  when  exjiosed  to  light  ia\s 
too  much.  The  heat  from  the  light 
ravs  is  responsible  for  the  fading  of 
loiors  in  our  garments  as  well. 

When  you  '  jnit  out  the  ligiit,"  as  we 
s;;v,  or  turn  off  the  gas.  \iiu  cut  olf  tin 
source  of  light.  Really,  then,  our  ex- 
pression ihat  "the  light  goes  out"  is 
only  true  while  the  g.is  is  ligliled,  for 
from  the  flaming  gas  jet  the  light  is 
going  out  all  the  time,  whereas  when 
the  gas  is  turned  off  no  light  is  being 
produced,  and  when  you  turn  ofY  thi> 
gas  you  do  not  turn  out  the  light,  luit 
onlv  th.-if   which  m.-ike-^   li-jht. 


Wliy   Does  a  Fire  Go  Oui? 

liri-  will  ,!,■<)  out  iialurally  ulion  there 
IS  iiDlliiii,!,'  iitt  to  l)iirn.  or  it  will  go 
r.ut  it  it  (.Miiiiot  seoiiri'  eilou},'li  (jxygeil 
nut  of  the  air  to  keeji  it  jiniii.!,'.  In  the 
t'rst  case  it  ilies  what  we  iiiiiiht  call  a 
"natural  death,"  auil  in  the  latter  case 
tlie  lire  practically  sutYocates.  The  tire 
ii!  the  ojifii  lire|ilace,  it  it  has  plenty 
oi'  air.  will  hiini  up  everythini,'  liurn- 
.ilile  that  it  can  reach.  The  stones  of 
the  lirei)lace  or  other  parts  of  a  stove 
will  not  liurn,  liecaii>e  they  have  alreaily 
lircn  liurneil.  ami  you  cannot  hum  any- 
llijiit;  a  second  time,  if  all  of  the  oxyiLjen 
in  it  was  hurned  out  of  it  the  lirst  time. 

Xow,  then,  to  hnrn  \\]i  a  thintj.  you 
iiui>t  lirst  start  a  lire  under  it.  ;uiil  then 
keep  a  constant  draft  of  air  i>l,iyin}j 
i.n  it  from  heneath.  or  the  lire  will  die 
nil!.  The  more  difticntt  a  thini;  is  to 
I'lirn.  the  more  important  it  is  that  you 
h.ixe  pk-nty  of  dm  ft.  If  ihe  ashes  ac- 
riiinnlate  under  the  fire  the  air  caimot 
i.o  through  them  in  sufficient  qni'ntity 
.ml  tlie  lire  will  sjo  out.  ( tther  thins^s 
which  |irevent  the  current  of  air  from 
•jiiiiiL,'  up  throni;h  the  lire  will  cause  it 
I  1  i,'o  out.  That  is  whv  we  closo  ihf 
1'  uer  door  of  the  furnace,  to  keep  the 
iTc  frf>m  huniins;  out.  When  we  ^hnt 
iilV  the  draft  of  air  from  helow.  the  fire 
in  the  furnace  hums  slowly,  i.  e..  it 
in^t  h;inL,'s  on.  so  to  spe.ak. 


Wliv  Does  a  Lmu])  Give  n  Better  Lifjlit 
With    the   Chimney   On  ' 

When  .1  l.iiiip  i->  huniiiii;  without  a 
•  hininey  it  generally  smokes.  That  is 
I'lcause  the  oil  which  is  coming  up 
through  the  wick  is  heing  only  par- 
ti.d!v  hurneil.  The  carhon,  which  i> 
•ihout  nne-half  of  what  the  oil  con- 
t;'.ins,  is  not  heing  Inirned  at  all,  and 
goes  olT  into  the  air  in  little  alack 
-•pecks  with  the  g.ases  which  .are  ihrown 
off.  The  reason  the  caroon  is  not 
hitrned  when  the  chimney  is  oft  is  that 
there  is  not  sulVuient  oxygen  from  the 
:iir  comhining  with  it.  as  it  is  sep.irateil 
from  the  oil  in  the  partial  comhnstion 
that  is  going  on.  To  make  the  i-arhon 
t!'   the  oil  hnrn   \-oii   mii<t    mix    it    w 'ili 


l>lenty  of  oxygen  at  ;i  certain  tem])era- 
t;ire,  and  this  can  only  he  done  hy  forc- 
ing sufficient  oxygen  through  the  tlanie 
to  hring  the  heat  of  the  llaine  to  the 
point  where  the  carhon  will  comhine 
with  it  and  hum.  When  you  jntt  the 
chimney  f)n  the  lam]^  \(ni  create  a  draft 
which  forces  more  oxygen  through  the 
flame,  hrings  the  heat  up  to  the  proper 
temperature  and  enahles  the  carlxm  to 
comhine  with  it  an<l  hnrn.  When  you 
t.ikc  the  chimiuy  f)tT  again  the  he.it 
goes  down,  when  the  draft  is  shut  off 
.ind  the  lamp  smokes  again. 

The  chimney  also  jirotects  the  tlaine 
of  the  lamp  from  ilrafts  from  the  sides 
and  ;ihovc,  and  helps  to  m.-ike  a  hrightcr 
light,  hec.-iuse  a  ste.idy  hght  is  hrighter 
than  a  flickering  one. 

The  draft  created  hy  the  chininc\- 
also  forces  the  gases  prorluced  hv  the 
hiirning  oil  up  and  away  from  the 
flame,  .'^ome  of  these  gases  have  a 
tendency  to  put  out  a  light  or  a  fire. 


Docs  Light  Weigh  Anything? 

I  o  get  at  the  an>uer  to  this  (|uestion 
we  must  go  hack  to  the  definition  of 
light.  Light  is  a  wave  in  the  ether  and 
conl;iin's  no  particles  of  matter.  It. 
therefore,  does  not  weigh  aimliiiig  at 
all. 

When  men  had  stndieil  light  thor- 
lUigiily.  however,  thev  came  to  the  con- 
<  hision  that  it  must  have  the  iiowcr  of 
pressure,  which,  from  the  standpoint  of 
results.  wouM  amount  to  the  same  thing 
a_  having  weight.  They  reasoned  that 
if  you  h.id  a  perfect  halance  and  let 
sunlight  shine  down  on  one  of  the  sides 
if  the  halance.  I'lat  side  should  go 
down  under  the  pressure  of  light.  In 
their  first  experiments  along  tliis  line 
men  failed  to  show  that  umler  such 
conditions  the  side  of  the  halance  on 
which  the  light  shone  did  go  down, 
hut  hy  continuons  experiments  it  was 
proved  fin;i1!y  that  the  light  did  exert 
a  sufficient  )iressiire  to  cause  the  scales 
to  go  down,  .ind  in  elTeet  this  i^  the 
s.-uiie  as  h.-ivini:  weisjht  ;  hut  this  has 
been  louiM  u>  he  a  common  property 
I  t  r:i\s  (it  \,ii-inii^  kinds.  iiu-hidii:g  heat. 
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mill  we,  tlKn'toro,  ili.  tiui  -i>imW  of  this 
tliKilitv  as  \vi'i-!it.  l>iit  :,.  ilu-  jiowir  ni 
n'.iliatiiig  jircssurc. 

Why  Does  a  Stick  Seem  1 1  Beml  When 
Put  in  Water? 

Wluii  liylit  I'.i-os  I'niin  (i!U'  iiif.liuin 
ti.  aiioilur.  as  fur  I'xami'K'  li""iii  .s,'la-< 
or  wattT  to  air.  or  ir^'iii  air  or  t,'la-<- 
to  watiT.  till'  rays  o'  ii;lit  dians:c  tluir 
coiir-c,  thus  makini;  tlu-m  sciiii  to  In- 
bi'iit  or  linikrii.  Tin.'  rays  of  li.uht  iroin 
till'  jiart  of  the  stick  in  tin-  water  taki- 
;;  (lilUn-nt  .linvtioii  froin_  tlio  ra\- 
from  ilu'  I'ari  which  is  out  of  ilu-  water, 
j;ivini,'  thr  a] t*araiu-e  of  hrcakins  or 
'hciidiii.u  at  the  j.lacc  where  tlie  air  aiiil 
water  meet  It  i-.  of  cour-e.  the  huht 
ravs  which  are  lieut  and  not  the  ohject 
itself, 

'I'hi-  henihtii,'  or  clianjiitif;  ot  llie  pii'li 
of  liizht  i-ays  is  callol  refraclinn,  li 
volt  jilaee  a  eoiii  in  a  .t,'las>  of  water  ~o 
tiial  it  may  he  \ieweil  o1ihi|ilely.  yoii 
can  ai)]>arei)tly  see  two  cmn^.  a  -mall 
one  throttirh  the  surface  of  the  water 
iitiil  anni'  :•  apl'arently  liiajjilitie.l 
throliull    \\n     -i.le  of   the   .U'laSS. 

11, i<  i<  ,ln.  imU-  to  tile  ahsolute  iirin 
cJi'le  that  i.i\~  of  liiilit  chani,'e  their 
direction  in  pa-siin,'  from  one  thing  to 
another,  and  on  thi-  iirincii'le  of  the 
ravs  of  li-lit  onr  optical  in~trnnieiits. 
i!H-lndin>^'  th.  n;icrocco;  c.  the  tele-cope, 
the  camera  and  eyeglasses  are  ha-ed. 

What  Makes  the  Stars  Twinkle  ? 

I  tni!.d\l  tell  von.  just  to  -how  hnw 
clever  1  am.  that  stars  do  not  twinkle 
at  all.  and  leave  you  with  that  for  aii 
answer.  lUit  -iiiee  they  really  <lo  seem 
to  twinkle,  and  that  is  what  cause- 
ynur  i|Ue-liiin.  1  will  tell  \i'n.  .\s  we 
have  already  learned  in  our  talk- 
ahout  till  -tars  and  the  -ky  in  getieral. 
the  stars  are  -itns  which  are  con-l.iiitly 
tlrowintr  otT  li^ht,  just  as  our  sitn  ixives 
us  lii:ht.  and  when  this  lii;ht  -trike"! 
the  air  wliieh  surrounds  the  earth  it 
llleits  many  olliect^  litlie  particle-  .-if 
dii-t  and  other  things  .always  tloutimr 
:il.,.nt   in   it      The  light  comes  to  us  in 


tl;e  form  of  ra\>  ironi  the  ..irs  and 
M.me  of  these  rays  strike  partieles  of 
various  kinds  in  the  air  anil  are  thus 
interfered  with,  if  you  are  lookin.g  at 
.1  lighted  window  some  distance  aw.iv 
and  there  are  a  lot  of  hoys  and  ,girl- 
or  men  .and  w-omeii  running  p.i-t  the 
window,  one  after  the  other,  rapidly, 
it  will  make  the  li,ght  in  the  window 
j.j.pe.ar  to  twinkle.  The  twinkling  i- 
dtle  to  the  interfi-reiice  which  the  ray^ 
of  light  encounter  while  traveling  to 
w.ird  the  eye. 

Why   Does   an    Onion   Make    the    Ttais 
Come ' 

That    is   nature's    way   of   protecting 
tile  e\es   from  the  siu.arting  whieh  the 
onion  wotilil  cause  in  your  eyis  ii  tin 
tear-   did   not  come   i|uickly   ami   over- 
come tlu'  h.iii  el'lect  so  produeed,     ICir- 
:  re   jtrovided    for    wrishing  the    hall   ol 
\ottr    eves.      I'.very    time    you    wink    a 
little   tear   is    released    from    under   the 
evelid.  and  the  wink  sprc.ids  it  al!  ovi  r 
llie    eyeball        Thi-    w.i-hes    down    th.' 
friint  of  the  cyehall  aiiil  cleanses  it  ol 
all    dust   and    other   things    lh;,t    tly   at 
the   e\e    frmn   the   .lir.      Tlieil   the  tear 
runs  .ilong  a   little  channel,   nincli   lik' 
a  trough,  .at  the  lower  p.irt  of  tlu'  e\e 
and  out  tliroui;h  a  little  hole  in  the  e\i- 
a.nd  in  this  c.i-.'  tin-  tear  is  re.ill;.   onl\ 
.-in  eye-w.ivh.      Many  things,  hut  nior< 
often  sadiu'ss  or  ininreil  feelings,  st.irt 
the   tears  coming   so    f.ist    from    und>  v 
the  evelid   that   the  little  trough  .at   th. 
hottom  .aii.l   tlu'  hole   in   the  corner  n\ 
the  eye  ;ire  too  small  to  hoM   them  ..r 
c.arry  them  otY.  -o  they  roll  over  th.' 
edge  of  the  lower  eveliil  ;inil  down  th. 
f.ice.     These  are   wh.at   we  e.iU   tear- 
\niong      ther    things    tli.it    will    c.aii-. 
te.ir-glaii.ls    to    cause    .an    over-suppK 
of  eve-w.ish  to  come  down,  are  onicpii- 
W'h.at  they  give  otT  is  very  tryinp  to 
the  i'\cs,  and   so,   just   ,is   soon   a.s  the 
s(.nielhiiig  which  .in   onion   throws  oil 
hits   the  e\eh,ill.  the   nerves   of   the  eye 
ttlegraph  the  hr.iin  to  turn  on  the  tears 
•ui.klv.  nn-l  t!i<-y  c.>tt!.-  h:  a  httlr  d.-liige 
and    counteract    the    had    etYecl    of    the 
onion. 
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(Nc  DN^I  liH  SI.V    INVl.Mll'     \il\lV',nM\ 


The  Pirst  Missile 


A  nakcil  savage  found  liiiiisull"  in 
tlic  t,'itati~t  ilans^iT.  A  wiM  beast, 
hungry  and  farci-  was  aluiut  tn  at- 
tack liiui.  l'".sca]ie  was  ini]>()ssit)li-.  Rt- 
tn-at  was  cut  off.  Me  must  light  for 
his  hfe — Imt   how? 

Should  he  hite,  scratch  or  kick? 
ShouM  he  strike  with  his  fist?  These 
were  tlie  natural  defences  of  his  body, 
I'Ut  what  were  tlu  y  against  the  teeth, 
the  claws  and  the  tremendous  muscles 
f)f  his  enemy?  Sliould  he  wrench  a 
<lead  branch  from  a  tree  and  use  it  for 
a  club?  That  would  bring  him  within 
striking  distance  to  be  torn  to  jiieces 
before  he  could  deal  a  second  bluw. 


There  was  but  a  moment  in  which 
to  act.  Swiftlv  lie  seized  a  jagged 
iragment  of  rock  from  the  ground  and 
hurled  it  with  all  his  force  at  the  bli;'- 
ing  eves  before  him:  then  another,  an! 
another,  until  tiie  beast,  dazed  and 
bleeding  from  the  unexpected  Mow-, 
fell  back  and  gave  hitu  a  chance  to 
e-cape.  I  le  knew  that  he  had  saved  lii  ■ 
life,  lint  there  was  ■-•■metliing  el-o 
which  h\<  didl  brain  failed  to  realize. 

He  had  invented  arm-  :md  aininnni- 
tion  ! 

In  other  wonls,  he  had  necderl  to 
strike  a  harder  blow  thrm  tlie  blow  uf 
Lis  t'i<t.  at  a  greater  di-tance  than  the 
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i  ,,-tl.  nl  lM>ann.  ;iiulhi>l.raui  -hnwol  i  he    men    an!    wnnu.i    n,    UK-    I  .ue 

l,;,n  how  to  <lo  it.  After  all.  what  i>  r.,lony  su.Menly  toinid  that  one  briK'h  - 
/,n,„l..rn  rille  hut  a  .leviee  whieh  man  evc.l  youn},'  '^""^v.  «ith  a  httle 
hi- ma.le  vvitii  his  hrain  ,.ermittini;  him  strai-;hter  torehea.  than  the  others. 
,,>  strike  an  enorni.iuslv  har.l  blow  at  was  heatinjj  them  all  at  hnntni};.  Dur- 
,  uon.leriul  di-lanee?'  I'irearms  are  ing  ueiks  he  had  heen  yoniK  away 
naliv  hut  a  more  perfect  form  of  mysteriously,  for  hours  each  .lay.  .Now. 
^lone-throwing,  ami  th'  ■  e;irly  I  ave 
M.in  took  the  first  steii  that  has  K-d 
I'l  \\n  the  atjes. 

j'his  stratitre  storv  of  a  ile\elij]iment 


viienever  he  left  the  camp  he  was  sure 
ti.  lirini;  home  Kame.  while  the  other 
men  wouM  -irai,'L;le  hack  for  the  must 
1  .-irt  empty  hamleil. 


.;m,TI.T    DIV,  l..n:n   -^hmK    WONOIKin.    \l\Kk.MLN  WI-.N..     rill.    1S1.KS    ,.F    Tins    PR.MITIM      U-E.VP.'N 

1„.   heen   takin-   place   slowlv   through  Was  it  xMtchcra  il  :'      Thcv  .Icci.led  to 

I'lonsands  and   thousands  of    vears.   so  in\estigate. 

l';:,t  todav  vou  are  ahle  to  take  a  swift  .Xcconhn.dy.  one  inunnn-  several  ..t 

^hot  at  .listant  game  instead  of  merely  tlem   followed  at  a  caretul  .hstauce  as 

t!,rowing  stones.  !h   sought  the  - hore  ol  a  stream  wluro 

We   do   not   know   the  name   of    the  v>ater-towd   might    ,.e    found.      I  artnig 

,un     who    invented     the    sling.      Pos-  the  leaves.  the>-aw  liim  pick  up  a  peh- 

viMv  he  did  not  ev.-n  h.'ive  a  name,  hnt  Me    trom   the   hank   and    llun    m    iheir 

iu  some  wav  he  hit  upon  a  scheme   Inr  ^arprise.  take  oil  ms  gir.iie  o,  m.,,,  .u,,. 

Ilirowiug    siones    fartlier.    harder,    and  place   the    ^toiu-    m    its   center    holding 

Mr.-.i.'hter  than  anv  <il  hi^  ancestors.  loth  ends  with  his  right   nand. 
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Mr.Mi'^ir  ^lill.  lir  wlnrlcl  tin-  j^inlK- 
twice  annind  his  lu-ad,  tluii  nli'.fioil 
<Mio  cilil  Ml  that  the  ii'alhir  >tii|i  lli^w 
mit  ami  the  ^tum-  -lim  siraiyhl  at  a  hini 
i;i  tlif  watiT. 

I'ho  mv>ti'n  was  xiKed.  Tho  Iiad 
scoii  the  tir-t  >Iiin,'iiiaii  in  action. 

l1iL'  new  plan  worked  with  ^'reat  snc- 
cc-ss,  and  a  liltli-  iirai-tici'  made  eNj^irt 
I' ark>nuti.  We  know  that  most  of  the 
early  race-  nM<l  it  tor  htintin;;  an<l  in 
uar.  We  luid  it  shown  in  pietiires 
n-ade  many  tiu'tt-andv  of  \ears  ;n;o  in 
ancient  IliiypI  and  A-syria.  We  lind 
1'  in  llie  Konian  Army  whce  the  slini;- 
nan  \va-  called  a  "■fntiditor." 

Surely,  too.  you  rememlier  the  story 

l)a\iil  ,ind  <  ioliath  when  the  xounj,' 
~iie|iherd  "i.rev.ided  over  the  riiiii>tinc 
with  :i  vlini:  and  with  a  stone." 

Vet  -linys  h.„!  iheir  <lrawl.ack<.  A 
stone  vliini;  mi.i;ht  kill  ;i  hird  or  even  ,t 
man.  hnt  it  u.is  not  \er\  etl'eclivo 
:,.■;. it,, I  I,: ,,,„. 


irii~ 


W  !;..!    ^\.,,    v\.iiiii  ■!    w,i- 
pierce  ,i  thick  hide. 

hail   hej^'un  to  make  spears   for 
hut   would  you   like  ti 


Man 


i:se  in  ,i  pinch,  hut  would  you  like  to 
l;'ikle  a  husky  hear  or  a  well  horiiel 
sta^j  with  oidy  ;i  spear  for  a  we.ipon  ? 

N'o  more   did   our  undressed  anci-- 
lors.     The  in\intion  of  the  !:re.itly  de 
sired   arm    iirohahly    came   ahout    in    .1 
most  curious  ua\. 

I.onj,'  a.i;es  .ij^o  man  had  le.irned  i.i 
make  tire  hy  p.itieiUlv  rnl.hinj,'  two 
sf'cks  t.i-etlur.  or  hy  twirlini;  a  round 
one  hetw ceil  his  hands  with  its  jioint 
restinj;  upon  a  flat  piece  of  wood. 

In  this  way  it  could  he  made  ti> 
snioke.  atid  tiiially  set  lire  to  a  tuft  of 
ijried  tnoss.  from  which  he  mij,dit  },'et  a 
ti.-.nie  I'or  cofikiui;.  This  w.is  such  hard 
work  that  he  hethou!,dit  him  to  twist 
a  strinj,'  of  siiuw  ajiout  the  ni)ri;,du 
S'iti'lle  and  c.iusi-  ii  (,,  i^irl  hv  pull 
ii'L'  altern.ili  K     it   tli..  iiwi  ^i.-;,.,',  ...,.i 


[)l :f.R=ST\LKI\(J   WITH   THJ.  CROSSIJOW 
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tl.is  it  was  a  >iin])li'  stqi  to  fasten  tlio  s|.riiit;iiT  \>'hxv  of  \\oo<l.  1)iiit  it  iiil(j  a 

iiid-  III'  till'  twii  striii;;s  to  a  liciit  ])iivc  innv.  atnl  stniiij;  it  with  a  lnii<;cr  tliunj,'. 

i.t     wood,     aiiiitluT     yri'al     advatitaj^c  lit-  placol  tlu'  i-iul  of  a  straij^'lit   -tick 

■-iiui'  now  liiii  otii'  Iiaiul  wa-.  lui'di-d  to  ajjaitist    tlu'    tlioiii;,    drew    it    >troii;,'ly 

twirl  tin-  ^liiihllc.  and  tlic  other  ooiild  back,  and  ri'li-ased  it. 

l;>iM  it   in  pirici-.      Thi-   was  the  "bow-  'rin-  shaft   whizzed  away  with   forco 

drill"  wliich  also  is  Used  to  this  day.  enon},'h    to   delijiht    him.   and    lo.    there 

Hill  lient  wood  is  ,i|,t  to  Ik'  s]iriiii;y.  w.is  the  tlrsi    llow-and-.\rrow ! 

.•^iijiiMise   th.it    while   one    \\<.-n-  lie.irinj,  .\rn  ed  with  his  how -and-arrow.  in.m 

liP    pretty    hard    with    a    well  liuhteiieij  now    was  loni  of  ereation,      .\r)  lunmr 

striii.tj,  in  order  tobrini:  t'lrr  (Hiickh-,  the-  w ns    it    nc\-e--:ir\     f.  ir    liini    to    huddle 


'■i'    '    ■  "     •INI    Ur    >M\1J     l;uU    A.M)    l.Kl.AT    I'l  lU  1  K    U  A>    TuI'L  1.  \K    WITH    \U\\    >l'nKi>MlN 

point  of  the  spindle  should   -lip   from  with  hi-  felln\\>  in  some  cave  to  avoid 

its  block.     Xattirallx.it  would  tl\  .iway  hiin;,'    eaten    by    prowliii,!,'    bea>'-.      In- 

with   some    force   if   the   ]" 'Mti-!!    were  Mead    he    went    where    he    would    and 

jnst  right.  boldly  hunted  the  tiercest  of  them.      In 

I  here    was    one    man    who    stojijied  other  words,  his  brain  was  bej^innintrto 

sl-.ort   when   he   lo-l    hi-    ^iiin^lle,    for   a  tell,    lor  tlunigh   his   body   was   still    no 

red-hot  idea  shot  suddmh    tliron'_:h  bis  ui.iti-h  fi.r  th.e  lion  ai'.'i  th"  bear,  lie  !i:id 

f"'""'"-  tlionL;hi  out  a  way  to  eonquer  them. 

'  iiu'o  or  twice  he  chuckled  to  him-         .XL-o  he  was  better  fed  with  a  greater 

sell    s,,itl\.     Ther.^upon    he  arose  and  xariety   of   siame.      .\nd   now.    free   to 

began  to  e.xperiin  lit.   H'  chose  a  lunger,  i ome  and  go  wherexer  he  might  find  it. 
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l>c  was  able  to  spread  into  various  lamls 
aiicl  so  t>'  orj^iiiii/i'  till'  trilic'.  ami  na- 
tions wliicli  ai  last  K'>\>-"  "s  civiii/alion 
anil  hi>tory. 

A  new  \viM|)(m  now  came  ahoiit 
tliroiij^li  warfare.  Man  has  been  a  -av- 
ape  ti).;iiliiij;  animal  tliron),''li  pretty 
nnieli  all  lii>  lii~ti>ry.  lint  while  he  tried 
to  kill  the  iitlur  lillnw.  he  ohjeetid  to 
lieiny  killeil  himself. 

Tliereliire  he  took  to  wearini;  armor. 
lUirinu  the  .Middle  A^es  he  piled  on 
more  and  more,  until  at  last  one  of  the 
knii;hts  eonld  hardly  walk,  and  it  took 
:;  stroll!,'  hor--e  to  earrv  him.  When 
>|ieh  a  OIK'  fell,  he  went  ovei  with  a 
era>h  like  a  tin-pecldler's  wayon.  anil 
had  to  he  |iieked  n|i  ayaiii  liy  some  of 
hi<  men.  ."^neh  armor  would  Inrn  most 
of  the  arrows,  lliiiee  invention  ijot  at 
work  a.Ljain  and  j'rodneed  the  Cross- 
how  and  it-i  holt.  We  have  aln-ady 
learned  how  the  tons,'h  skin  of  animals 
hrouyht  ahont  the  ho\,  ;  now  we  see 
tiiat  man's  artiliei.d  iron  ■-kin  canned 
the  invention  of  the  ero^show. 

What  wa-  tiie  rro->how  ?  It  was 
the  tir>t  real  h.ind-shootinj;  maehine. 
It  was  another  hit;  >tep  toward  the  dav 
of  the  rit1e.  The  idea  was  simiile 
enoni^h.  Wiu'deii  how-  had  already 
heen  made  as  strong  as  the  strongest 
man  e  '  pnll.  and  they  wished  for 
still  ,  .i  :.jjer  ones — steel  fnies.  How 
eotiM  the\  pnll  them?  .\t  I'lrst  they 
I'lonnted  tlu'in  n]ion  a  wooden  frame 
and  rested  one  end  on  the  shoulder  for 
a  hraie.  Then  they  took  to  pressinjj 
the  other  end  against  the  ground,  and 
usini;  hoth  hands.  Xext,  it  was  a 
l)rif;ht  idea  to  put  a  stirruj)  on  this  end, 
in  order  to  hold  it  with  the  foot. 

Still  they  were  not  satist'ied.  "Strong- 
er, stronger!"  tluy  el.nnored  :  "give  n^ 
br.ws  which  will  kill  the  enemv  farther 
awav  than  he  can  shoot  at  us!  If  we 
cannot  set  such  hows  with  hoth  arms 
lit  us  try  our  hacks!"  So  ihev  fastened 
"helt-daws"  to  their  stout  girdles  and 
tugged  the  how  strings  into  place  with 
tli'ir  li.irk  and  leg  ninscle<:. 

^^'lio    rirst     Discovered    the    Power    of 
Gunpowder? 

l'!"1i,-il'I',      lllr     l"llilU-r,     alllKillL'h      ,l11 


aathoritics  do  not  agree.  ."^i  range, 
i.s  it  not,  that  a  race  -till  u-iii:; 
cro> shows  in  its  army  should  ha\i 
known  of  explosive;  long  before  the 
(  hrislian  b'.ra,  and  i  rhaps  as  f;ir  hail, 
a-  the  time  of  .Mose-r  Mere  is  a  |ia- 
s.ige  from  their  ancient  (ientoi.  (  o.l, 
of  Laws:  "The  magistrate  shall  iioi 
make  war  with  an>  deceitful  machine, 
or  with  ]ioisoneil  «i';ipons,  or  with  can- 
rons  or  guns,  or  any  kind  of  linarms." 
r.itt  China  might  as  well  have  been 
.Mars  before  the  age  of  travel.  <  )ur 
I  !vili/ation  h.id  to  work  out  the  proh- 
li  ni   for  itself. 

It  all  began  tlirough  playing  with 
l"ie.  It  was  desired  to  throw  lire  on 
ail  enemy's  buildings,  or  his  ships,  and 
-o  destroy  thein. 

I'urniug  torches  were  thrown  bv  ma- 
chines, made  of  cords  and  -prings.  over 
a  city  wall,  .ind  it  became  a  gre.it  study 
to  find  the  he-l  burning  comiMumd  witji 
which  to  cover  these  torches.  (  >ne  wa? 
lueded  whi.-h  would  bl.ize  with  a  great 
|1  ime  ;ind   w.is  hard  to  'lUt  out. 

Hence  the  early  chemist>  made  all 
I'os^ihle     mistures     of     pitch,     resin. 


sulphur, 
tire"    was 


saltiieter,       etc. ; 
one    of    the    most 


n.-iphtha, 

"<  I  reek 

f.amous. 

Many  of  these  were  made  in  the 
iMouasteries.  The  monks  were  pretty 
much  the  only  iieonle  in  those  days 
with  time  for  stuily,  and  two  of  these 
shaven-he.uUd  scientists  now  had  a 
chance  to  enter  history.  Roger  H.acon 
was  the  llrst.  One  night  he  was  work- 
ing his  diabolical  mixture  in  the  stone- 
walled laboratory,  and  watched,  by  the 
llickering  lights,  the  jirogress  of  a  cer- 
tain interesting  combination  fr.r  which 
he  had  used  ]iure  instearl  of  impure 
s.iltpefer. 

Snddeidy  there  w;is  an  explosion, 
shattiTing  the  <-hemic,-il  ;ipii:initns  ;ind 
probably  alarming  the  whole  building, 
i'h.-it  exjilosiou  ])ro\ed  the  new  com- 
bination w.'is  not  fitted  for  use  as  a 
thrown  fire:  it  .also  showed  the  exist- 
ence of  terrible  forces  far  beyond  the 
i'oWer  of  ,ili  he  i\\ ->pi  iiig>,  cwii  (hose 
liiade  of  steel. 

Roger  I'.acon  thus  discovered  \\h;\t 
\' ,is  fir.u  til  ;dlv  srnnpmvdi'r.  ;is  f,-ir  h:ick 


r":^ 
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.;-  till'  thirti-i'i'tli  ii'iiiniv,  ;in>l  Ifit  w  ri- 
I  -  ill  whii-li  lie  rocordcd  iiiixiiii,'  I  !._' 
Ill'  i!k-  saltiiflcr.  _'i).4  t'f  charcoal, 
M  1  _'<)  (It  >iiliiluir.  This  was  tiu'  for- 
umla  ikvtlnpid  a-^  the  roiilt  of  his  in- 
.  r^tii,'ati(itis. 

I'.iTihiilil  Sclnvari/.  a  niuiik  nf  I'ni- 
1  nrj,'.  stiiiHfij  ilaron's  works  and  car- 
i;iil  oil  ilani,'iToiis  ixiiorinicnts  of  lii- 
•  •\\n.  so  t|i;it  hi'  is  ranked  witli  i'aeon 
fir  the  honor,  lie  was  also  the  tirst 
"IK-  to  ron>e  llie  interest  of  I'lirojie  in 
I  he  i:;reat   diseovery. 

And  then  heijaii  the  first  eriide. 
.  hiiii-y  etTorts  at  L;iiiiiiiakiiii,'.  I"ireariiis 
•.  iTe  horn. 

I  land  lionihards  and  enlveriiis  were 
niony;  the  early  types.  Some  of  these 
.'.'.re  s,.i  lic-ivv  that  a  forked  snpnor'. 
1.  d  lo  he  <lriven  into  the  <;round.  and 
I'.M)  men  were  needed,  one  to  hold  and 
iini.  the  other  to  prime  and  fire. 

Iniproveinents  kept  coming,  however. 


'•nils  were  li.^hUiU'l  and  hettered  in 
.shape.  Soillehody  thoULdit  of  putting; 
a  Hash  pan.  for  the  powder,  hy  the 
side  of  the  touch-hole,  and  now  it  was 
(kcided  to  fasten  the  slow-inalih  in 
,1  iiio\ahle  cock  u]>on  the  haml,  and 
iL'iiite  it  with  a  tri.tr,i;er.  'I'lie-e  matches 
'".ere  fuses  nf  some  slowdmrniiii,'  lilnr, 
like  tow.  which  would  keeji  a  spark  for 
.1  consi<Ier;ihle  time.  I'ormerly  tluv 
had  to  he  carried  separ.alely,  Imt  tlii 
new  ;irraii.i,'ement  was  a  .threat  dm- 
vuiience  ,ind  in;ide  the  inatchdock.  I  he 
cock,  heiiij;  curved  like  ;i  snake,  was 
eidled  the  ■'ser|)entiiic." 

-MiiMit  the  time  spurtsmen  weir 
tliriiUijh  wonderiii!.;  at  tlie  cniivenieiue 
i.f  the  matchdiick.  they  heijaii  h<  realize 
it.:  i!uv"inveni'.*n'.'t'.  'Pli'.-v  f''!nv!  th.it 
ilie\-  hurned  up  a  L,'re.it  deal  of  fuse, 
and  were  hard  to  keep  li<;lited.  I'ulli 
statements  were  true,  sn  iiuintnrs 
racked    their    brains    arain     for    sunie- 


till 


I'll'     llllll     W.IS 


Il"'ik'  l>fIIiT,  TIk'v  all  k.Kw  v.„i  n.ii.i 
IjiiiiK  >|.ark>  with  (lint  ati.i  Istofl.  aii.I 
that  Slim,-.  1  an  i.k-a  u„rili  wurkiiii:  .,ii 
\  .Numnl,f,.;  iiHiiiiur.  in  15,;;.  hi,  ,,„ 
cMo  \\hccl-Ii..k.  In  ihi,  a  imtchol  .twl 
nlud  was  vv.Miii,!  „„  vvitji  a  kiv  liki'  a 
-\  Mint  or  (ivriti-  was  lid.ra.ifaitist 
J.i.t.'.v.'i''l  t-.li,v  „\  il„.  whirl  liv  the 
I'les-un-ui  thr  s.-rfininu..  N.,,,  ,miIK..| 
tin-  ln;;i;(r.  i1k„  "^hirr."  tlir  uhcrl 
nvolvi-.l.  a  -tivani  i.f  -park-  Ikw 
I'll"  iIk'  llasli-|ian.  an  "  ' 
'li-iliarjrid. 

riii>  iiuu  w(.rki-.l  hcauiiiullv.  |,m  ii 
uas  i.x,.n.s,\v.  W.althv  sportsnicn 
'•"Ul'i  a(l..r.|  tluin.  aiH  s..  fur  tlu-  first 
I'nu-  liivaniis  I„.-,ii  to  he  umM  i,„- 
'"■"iin.;.  S„,n..  nt  th.^i-  >ixtivnth  an.I 
^"■vcMlcrnth  .•.iittirv  nal...|i>  |ia  ■ 
U'lins  ,,|-  hiantjfiil'  workman  ' 
"■r..n.i,'lit  aii,l  .-arvol  an. I  in" 
tU'v  nni.t  havi.  r,,M  a  Miiall 
ion  will  lin.l  Hum 
"•ii-iinii-.  ic.  iIm-,  ,|;,v. 

FUll  now  llu-  n.l,h;r>  ha, I  th.ir  turn 
lluTi'  arc  tu.,  M.,ric..  ,,f  ,h..  ■„,,.,.„. 
'";'-  •"   -  »•  tlint-I...k.     n,„I,  ,U,,I   ,vitli 

'■"l"ir>.  hoih  haw  t: I  anlhorilv    an.I 

I'oth  may  he  true,  for  invent 
t:mes  are   made    iml 
I'lretit   plaies. 

f  tile    story    runs    that    tlie    flint-loek 
uliicii    was    ..fun    .tvh.,1    •■joik    a    la 
Mfjiielet."     from     the    Si-mM,     wor-l 
.\li.|iielitos"  —  niaran.ler*  -     toM     its 
'ir.Kiti  m  its  name.     The  other  is  tjiat 
the  flmt-loek  was  invented  in    I 
''>■   pauses   of   thiev 
hu 


sueli 
111!',     so 
iaid.    th.al 
f'  Ttniie. 
Ill.in\      iar"e 


I;','  ^^■;\'''^^'-  '^'"H  stini>lv  fastened  a 
"■■Ike  01  rinit  in  the  aiek  an.I  Miai.pe.l 
'!  ■•>i:ainM  a  steel  ,,k,ie.  This  Mnuk  otr 
-!'.irks  whieli  fell  iii(„  the  flash-pan  and 
1 1  red  I  lie  eliar;;e. 

It    was   so   j.raetieal    that    it    heeame 
lite  torn,  „i  unn  t'.r  all  uses ;  tints  j;nn- 
tnakiii.';    he-ati    to    he   a    hij,'    in  i-  tv 
liivenle.I  early  in  the  seventeen.  :     en- 
ti-rv.  It   was  ti>e.I  hy  the  hunters  a.Kl 
soldiers  ot  the  iie.xt  two  Iiitndred  ve.o- 
'I'l  people  rememher  wli.n    llint-loek 
were    plenlifnl    everywhere.       In     fact, 
ll:ey  are  ^till  heiny  niannf.ietiired  ami 
are  sold   in   some  parts  of   .\friea   and 
lio  '  '•tent,     (ine    faetorv   in    I'.irmini:- 
Itam.  iMiiiland.  is  said  to  pro.hiee  ah.mt 
ly.elve    hnndre.l    weeklv.   and    l',el«inm 
Ilieir  mannlaetnre.   Some 


■ars. 


shares 


the     \i-; 


ot 

Ills  use  tluni  to  this  dav  in  the 

'"nil     ot    _stran.i;edookinjf     «„„,     ,,i,„ 

muzzles   aiul    very    lijijht. 


i"ii),'.   sien.iir 
nirved   -locks. 

I  lien-   were    freak    inventors 
I  'nt-lo<k    iierioi" 

d;.v.     S: 


m    the 

jti-l    as   there  are   to- 

N.nie  ot  them  wrestled  with  il„. 

rolili-m  ot  ni 


'ell 


liojis  soiiie- 
lentK-    in    .lif- 


in    llolkmd 
whose   principal 


H 


isiness  was  to  steal  ponltrv 
In  either  case  the  explanation 
c.sy.  The  matchdock  -'lowcl  its  tire 
at  nijrVit  rm<l  wouldirt  do  for  thieves 
the  wheel-lock  was  fno  exjieiisive.  ^o 
ay.ain  necessity  heeame  the  tiiotlur  of 
.1    far-rearhiii};  invention. 

Kvervhody    knows     wh;.t     the     tlini- 


.,  .'eatm.;  j,'uns.  and  inn  t.. 

.S>!tera  iinmher  't  l.arrels.  even  seven 
1-  the  case  ot  one  carhiiie.  Others  tried 
'•- V"lvin-  chamhcrs.  like  our  revolvers 
and  still  others,  niairazinc  stocks  I  "is." 
I"ls  came  into  use  in  nianv  interesting. 
-Itapes.  hut  tlK-se  were  too  practical  to 
l^e  consi,h.re<l  freaks. 

I'istols.hv  the  way.  are  named  from 
il'c  town  of      ,.,oI,.   I,,,,.  ,,,,^,^^,  „,^.^ 

are  said  to  have  heen  invented  and 
I  rst  tise(i. 

W 

.e 

l.H-k   appeared,   and    had   a   ^n-at    deal 
!^  do  with  the  imi.rovement  of  cl^no. 
m«.     .\ustnans  claim  its  invention   for 
<  .isper    /ollner.    of    \- 
^faicrht   {jrooves 


.     We  must  not   forjjet  that  rifling  was 
tnyented  ahou,  the  time  that  the  wheel'- 


iciina.    who   cut 
in    the   harrel's    hnre 
to  have  ■ 


J 


'=* 


^iV 


nil     M(>l>l  I^N    \l   lOMM  IC   kll  II 


■ii-i  liiiii'  ill  I4<)S,  Iml  till-  Italians 
-i.iii  to  liavf  >tili  JH'ttiT  wa-raiit  as 
iliM'  siuiiilifant  words  appi-ar  in  oM 
I  atiti  Italian,  inidor  <latf  >>i  Julv  jHtli. 
I  17(1.  in  till'  inventory  of  tin-   iiirtri>-< 

■  '  I  iiia>talla  ;  "Also  one  iron  nun  madi- 
\<iili  .a  twi>l  likf  a  >nai]  >in'll."  Tlu- 
I'tlliiu'  inailc  till.'  ImlUt   s])in  like  a  Uip 

■  it  iKw  tliroUKli  tlio  air,  thus  greatly 
•iiiI'ro\  inj»  its  prtrisit)!!. 

In  tlu-  year  iXfJ  tlie  Kev.  Alexander 
|(  lin  l-"orsytlie,  LI..I).,  j,'<»l  I''"*  !>ateilt 
:M|'ers  lor  soinetliint;  far  lietli-r  than 
■  Mil  tile  steady  oM  lliiit.  lie  IlhI  in- 
\ lilted  the  )>ercussion  s\steni.  In  some 
I'lini  this  has  heen  used  ever  -"ince. 
Which  is  to  say  that  when  the  liaiii- 
iiur  of  yonr  j;""  falls,  it  doesn't  ex- 
plode the  powiler.  althoui;h  it  seems 
I'l  lii~teail  it  sets  otY  a  tiny  jiortion 
'•i  .1  very  sensitive  ehemieal  eom|Hiiliicl 
.  !1<i|  the  "primer."  and  the  explu>ion 

•  1   this  "primer"  makes  the  powder  j,'o 

•  ;'l',        (  M"    rc.ur-r.     llu-     two     iA|ilu.iiin~ 


roiiie  so  swiftly  tliat  your  ear  hears 
only  a   siiij^le  han;;. 

I 'rimers  were  tried  in  dilTereiit  forms 
called  "<letonators,"  hut  the  familiar 
little  co|i](er  ea|)  was  the  ino>t  ])opular. 
No  need  to  de^crihe  them.  Millions  are 
still  made  to  lie  used  on  old-fashioned 
r.ipple  Uiiiis,  even  in  this  day  of  tixed 
/immnnitiuii. 

I '.lit  now  we  come  to  another  j^reat 
dcveli.|inient,  the    I'.reech -loader. 

I'erhaps  you  have  hail  to  handle  an 
old  muz/leloailer.  It  was  all  ritjht  so 
liin;j  as  you  knew  of  nothinj;  hv'tter. 
hut  think  of  it  now  that  you  have 
yiMir  heatiliful  hreech-l'iader.  Do  you 
riinemher  how  sdnn'tiuies  you  over- 
loaded, and  the  kick  made  your 
shiiuMer  lame  for  a  week?  '  >r  flow, 
v^  hen  \ou  were  exciteil  you  shot  aw.av 
your  rainri'd?  The  <.;un  fouled  too, 
ai;cl  w,is  har.l  to  clean,  the  nipiiK-s 
h'like  otT.  the  caps  split,  and  the 
I  '..  .  li.  -  rii-I(  d  M)  tli.-il   \oii  li.id  lo  I. ike 
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is 


Mow     III!     \  \U^\     \  \\l  K'K  \\    (,|   \    \\  \^    \\  \|,| 


THi:    11K>T    AMHKU.W"    MADl 

llunt  to  ;i  <;iiii-.niilti.  \'i.'S,  in  spite  iif 
till'  Kami-  it  )4.'i.  It  was  a  I.t  uf  tr.niMc. 
m>\\  Villi  idiiu'  til  liiiiik  of  it.     I  low  (lif- 


fi  R'lit  it  all  i-  now 

I'.R'iill-loaiU  r>  Win-  liarilly  now. 
iiiti},'  liiiiry  \lll  of  I'-nylan.!',  In-  of 
till'  I'lany  \\i\<s,  hail  a  inatili-Iork 
an|iiil>ti>  of  lliis  ty|ic  ilateil  1337. 
licnry  l\'  of  I'rancc  c\fn  invrnti-il 
oni-  for  his  anny.  ami  oilurs  workcil 
a  httk-  on  the  iilia  from  time  to  time. 
I'nt  it  wasn't  until  lixeil  ammunition 
eatne  into  use  that  tlu-  hneeh-Ioailer 
naliy  came  to  stay — anil  tliat  was  onlv 
the  other  ila\.  N'mi  rememlier  that  the 
li\i!  War  heiian  witli  mn/zle-loailers 
ami   eniliij   with  hrcich-loailers. 

liouiller.  the  Tri  nih  i:iin^mitli,  hit 
111  the  ureal  iilea  of  the  ianriil),'e.  If 
\'.ii  wrrr  -'  iirj:  }■..  n-e  iiowder.  hall  anu 


j)eren-.~t  n  |irniiei-  in  .  ;  .,,:r  i,'ame, 
V.  Iiy  not  put  tliem  all  into  a  iie.it. 
hamly.  i,'as-lij,'ht  ease? 

Two  men.  a  >mitl  ml  his  son,  hoth 
iiailieil  l".li|ihalel  i<eniin;,,'ton.  in  \HiC, 
were  working,'  hnsily  one  il.iv  ai  their 
for};e  in  heaiitifnl  lliim  1  iori,'e.  when, 
so  trailition  says,  the  son  a^keil  his 
f.ither  for  money  to  Iniy  a  rille.  aii'I 
met  with  a  refusal.  The  reijuest  was 
natural  for  the  snrromnlin!,'  hilK  were 
full  of  jjame.  The  father  must  have 
hail  his  own  reasons  for  refiisint;,  hut 
it  starteil  the  inaniifaetnre  of  ^uiis  in 
.\meriea. 

I.liphalet.  jr..  ilosiil  hi-  lirni  j.tws 
lii^'luly,  .anil  heijan  eolleetinjj  serap  iron 
'n  his  own  ;ueoiint.  This  he  weMeil 
skillfully  iiUo  .1  1,'iin-harrel,  walkeil 
liftein  mills  to  I'tica  to  have  it  rirte.l. 


MOU      VMM!  Ml  ION     IS    WADli 


UUilUQiiO 


ivri  -^  "I  I  M<i  Ki 


A    \iSll     10     \    I    \IMUI1X.I-.    I   \(  TOKV 
Tiiiallv  liail  a  wcaiMni  of  whicli  lie 


lin;^IU    will   Ih'   |)r()llil. 

Iti  nality,  it   was  •.mil  a  vitv    jjoimI 

Liiii   lliat    Slum    tho   lu'itililiors  onliTi-i! 

•'•Hr>  liki-  it, and  liif'Ti'  1   iii,'  tin    Kcni- 

i;  L;t()ii  forRC  fiuitnl  ii-clf  lianl  at  work 


),'rayisli  pasty  mas>  is  wet  fnlminato 
i)f  iiuTiury.  Sii|>|msf  it  slioiiM  dry  a 
Iritlf  too  rai>iilly.  It  wiiiiM  lio  tlir  last 
tliiiij;  ymt  i-viT  di'l  ^iippuNi-.  fur  there 
is  iiircc  eil(»li),'li  in  that  ilmililf  liaiull'itl 
t.i    lildw    its    sui ToiiiKliiiKs    into    I'rai;- 


i'l 


KXAMIMIN"-    KM  IB 


■  ■  iiuil  the  iiKTcasinL'  <Kniaii'l.  Sev- 
M.il     times     each     week     the     stalwart 

niini,'  iiianufaitiirer  packed  a  load  of 
:,i'ii  li;irrels  upon  liis  hack,  and  tranipeil 
.ill  tlie  way  to  I'lica  where  a  u'lmsinith 
tilli'l  and  linished  them.  .\l  this  time 
llnTe    were    no    real    jjun- factories    in 

\niirica,  although  .t;tinsmiths  were  In- 

•  led  in  most  of  the  larger  towns.  .Ml 

•  HI  liarrels  were  imported    from    l''ni;- 

!  or  l'",iiro|)e. 
'  'lie  of  the  lirst  sliocks  yon  urt  wiun 
"!i    Start    your    visit    tlironjjli    a    c.ir- 
■■  'k;e  fact'TV  is  the  matter-of-fact  \\.i\' 
vhicli  the  o|)eratives.  5;irls  in  ni.in\ 
v>.    handle    the    most    terrihlc    com- 
pounds.    We  sto|),   for  e.vrnnplf,  ulurc 
liiey  are  ntakiii};  |>rimers   to  j,'o   m    iln- 
hi. id    of    vnur    loaded    shell,    in    crtliT 
th.it    it    ni.'iv    not    Pilss    tire    when    the 
li'.iiich  of  Miiai 


1  wh 


iirrs  siKldenlv  into  the 


n.eilts.  Vou  edge  .iw.iy  ".  litlK .  and 
i;o  wonder,  but  the  j;irl  who  liandles  it 
sliows  no  fear  a?  she  deftly  hut  care- 
fully jiresses  it  into  moulds  which  sej)- 
arate  "t  into  the  ])roper  sizes  for  (iri- 
mers.  She  knows  that  in  its  jiresent 
nioi-^t  condition  it  cannot  explode. 

(  >r,   iierhajjs,    we    may    he    watcliiiii,' 
one    of    the    many    loading    machine?. 


ir  I  nun  the  slieltirini?  eras^es 


hat 


^i1 


I'- 1' 


TlSriNCi    MMIRIM.S    \M)   I'RODICTS 


I  In  ix-  i>  ;i  ctTlaii;  su.t;};L'stivciK'v>  in 
il.c  way  till-  iiiacliiiu-  arc  M-])aratf<l  li> 
partitiiMis.  Ihc  man  in  iliaryi'  takr^ 
a  small  carriir  dI  jmiuiUt  from  a  cax.' 
i'l  till-  iml-i'lf  wall  anW  shuts  tlu'  diiui. 
Il.i-il  canfnlly  cmjitics  it  into  tlii'  rcscr- 
\'iir  (.f  lii-  ni.uhini'.  ami  watclus  alcrt- 
1\  while  it  ]Kuks  the  pruinr  portion'? 
ii.to  tin-  waitinj,'  >lu-il-..  IK-  |iM.k>  like 
;■.  cariiul  man.  ai' I  ,ui<ls  to  he  ^■,n^ 
'lo  not  stanij  too  closi . 

Till-  i-nipty  larri.T  tlui)  passes 
throiiyh  a  littk-  door  at  the  siilc  of 
the  Iniililin'T.  an.]  drop-  into  the  yawn- 
in.!,'  niontii  of  an  anlonialir  tnhe.  In 
the  twinklinj,'  of  an  eye  it  ajipears 
ii'  front  of  the  operator  in  one  of  the 
I  (hstribmins;  stations,  where  it  is  re- 
I  tiileil.  ami  retnrneil  to  its  pro])er  ioaij- 
inj;  niaehine,  in  order  to  keep  the  ma- 
chine yoitii,'  at  a  perfectly  nniforni 
r;te;  uliile  at  the  >ame  time  it  allows 
hut  a  miiiiiiunn  amonnt  of  jiowder  to 
remain  in  the  huildint;  :it  a:u  moment. 
J-.aeh    m.iiliine    ha-    liiit    just    -uffieient 


I"  \^'li-i  111  i!~  h  'pjaT  iM  nin  nun!  a 
Pew  snp]ily  can  reach  it.  (  in-ater 
precaution  tiiaii  tliir.  cannot  he  im.iL;- 
ihed.  ilhisti-.-itin.i,'  as  it  d.  e-  that  no 
I  iTort  ha<  been  sp.ired  lo  protect  the 
lives    of    tlu    oper.itors. 

it  is  rema-.Kalile  that,  in  an  onti.iit 
of  somethin-;  like  fotir  million  per  da\, 
i\ery  carlridi;e  is  jjcrfect. 

."^itch  thin.i,'s  .are  not  ;iccidenlal.  The 
secret    is,    ins]>ection. 

i.et  US  -ee  wh.it  tli.i;  nu-.ni-,  h 
I  .cans  lahoratory  te-ts  to  -tan  with 
ilere  are  hroiif^dit  many  samjile-  of  the 
hody  paper,  wad  p.iper.  metal-,  w.iirr 
prooliiii,'  mixtin-e.  fulminate  of  nur- 
c'lry,  siilpluir.  chlorate  of  potash,  an 
timony  snl|ihiile.  powder,  wax,  and 
other  ingredients,  and  even  the  oper- 
ating materials  such  as  conl.  grL'^-c, 
oil,  and  soaps.  In  the  lalxiratory  we 
-ee  expert  chemists  and  metallnr<,'i-ts 
\Mth  their  tc-t-tnhes.  scales.  Ilim-en 
Inirners,  retort-,  tensile  m.ichines, 
microscope.s.  and   other  scientillc   look- 


I 


i 


^ 


WHAT    A   SHOT    I()\M  R    LOOKS    |.|KF. 
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^^     snt.'i    TOWER — TALLEST   Bl'ILIjU^C   IN  OtNM-i  TH  '   r 

"l;     ;i|i|i,ii;iiii>,     !.u-i1\      luinliii^      in\-  \.  nr    lo    >irtKli    mir    li.iibl-    iiit"    ilu' 

■'■tills.  iI'lMrriiilv     v.''.c;tiit    s|i;K'e    tlioy    waiM 

|-'nr  I'xainpK'.  (iiK   marker  i^  ix, mini-  Ik'   tmn    fii.m   (nir  arms. 
I.;:  a   .<ill>lil>    of   i-n]ir(>-iii<kvl.   -u<\\   as  A  l.ii^r  H;ilir  t.nik  lictow  is  i-lninu.! 

1-    ii-c(l    ill     iai-kctinu:    rrrl.iin     lutllits.  ipto  foam  wuh   lln.'  iin]iai-t  of  llu'   fall 

\    I'lriKT    of    cacli    -tti|>    1-    U\-'\    IhiiI  iiiij    sliot,    a.irl    ,is    wo    look    ilowiiwar^l 

oviT  .-It   ri^tit  aiijjlfs.  tlun   h.n-lx    m   tin-  w  <.-   m,ik<-   (Hit    liiiallv   llu-   lia/c   nf    mn- 

•  ^luT  ijiffctioti  until  il   i-  .lonlilr.l,  tlun  nun.      It   i>  -o  iiiUTi-ti     ■   tl),il   w  r  t.ik. 

^r.nuliti'iicfl.       Il    i\i>v<    nut     -huw     tlu'  \\,^■    clcx.iidr    ,in.l    ri-r    irn    --toru  -    tu 

''L;litcst  simi   (Il    lirr.iKiiiL,'  nr  oraikinL:.  ll;i-    ^unrrc   uf    tlif    -liuwrr. 
'!'  -|,ju-  of  tin-  sr\rri'  trialincni.  tlii  re-  IKrc   lii-li    in    llu'   air    arr    tlir    lartu' 

•uri-   it    is   iicrffit.      I. it    Imi    tlir    Ica-l  ral. Irons     wlK'rc    manv     pit;-,    of     Ic.mI. 

I'.iw   .-i]>iH-ar,   aii'l    tin-    ^l.ipnunt    is    re-  with  t.:e  proiH-r  alloy,  an-  iiu'ltfil   into 

''■ti<l.  ,-1    sort    rif   nu'lallir   >-onp.      'I'lii-   is    fr^l 

i  wo  larfjc  iron  i\lin<KT-  iK nul   in  into     --m.-ill     coniii.irtnu'nts     cuniaininu' 

'!'!'  ci'Htor.   i-omiiiij   ilnwii    ihrunu'li    the  ^  im'-   nr   srri-cns,  thronsli   tlu'   mc^lics 

t  iliii};  from  al)o\c  :   w  r  .in-   nivitnl   to  of  wlii.li  the  shiiiitis,'  drops  appe.ir  .ni'l 

l"iik   throiii;li   an   oiieii    port    in    one   of  tk.en    plnni^e    swiftly    (Inwiiwanl. 

th  se.  Hut    this    only    hegins    tlio    proee-s 

\Vc    sec    tiotliiti};    hut    the    whiteiie.l  'I'aken     from     the     water     tanks     aiii! 

■  I'posite    wall,    ajjain^t    whieli    a    litrht  Imisted    up  acaiu.   Ate   shot    pellet~.    in 

1  tirir.  :,   ^cciinil    journey  ilown    throtiL'li  eonv 

It  ajipears  .ih-olntelv   iiiiptv,   thonsjh  )lie.iteil    ijeviees,    are    sorteij,    tunihle.l, 

"  ithin     it     i-     r.iinini;     sneh     .i     ^wift  polishnl.  sraileit.  eoatcil   wiJi  ^rapl;ite. 

' hower  of   iitvisilil*^   tnei-iil   i.h.at   if   wc  -uv]  fitiP.llv  storoci. 


il 


i 


l!ii-     iiirtiirr^     ^hnwti     in     ttlis     stnry     urrr     pTrii.lrr<l     cspeciallv     t.t     ttliislt.itr     this     st-Tv 
I'lfiTiI    [      -:ii   .  i"   I.y   tlu'    St  .iTililiKlit    I  itirary    l-t    the    RennitKlMi    Ani's   tim|.tii\. 


•IImw     .\Ian 


loiniiNc,  A  mo\stf:r  (.l\ 


i 


I  '.I-  I'hoto-raiih  -h.m-s  mm  inirots  after  Lcini;  '■-trippc!  •  an.l   ■ ,  ,,rr,l.  ' 


Tl-i'-    ntr.tnrrr,,.],    .1,,   ,, 


I.-    l'.:t.''!..iu  Ml,,  ,  , 


1  t-  ...  ..  -.1  in  th.  pro, ,.-,  „|  |„,i„^,  f„rg„j  ,,„,,^.^  f^^gjp^  p^^.^_^ 
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THINGS   TO    KNOW     VBOLT   A    BIG    GIN 


,')3 


i-U:  :■--  1,;,    h.  :,'.(;  hcia  :;^Lt.i  L  u 

'i  iii:-  pl'.olograph  ^hows  a  gun  bi'ing  tirc<l  at  ihc  I'nn  ini;  (irountls  tor  Ic.sL. 


Tiie  Parts  of  a  Bljjf  Gun 


l.r.KORF.  soini;  mid  a  Mf-t-nptKiii  nt 
ill"  iii.-imifaoturi.'  of  ;i  lii;,'  ^un  it  wimM 
l'<  vM-ll  I"  niiili.T>tand  llic  lOllowiiii; 
'I  I'liiiiiiin-. : 

I  111'  "liiiirli"  (It    a   ,1,'iin   !■-   it^   ri'ar- 
I !  cl.  (tr  thai   oiul   into   wliicli   tlir   ]iin 
!''itilo  aiii]    I'owilcr  charm'  •'in'   I'la'lnl, 
rill'  "iiui/zlo"  of   a   mill   i-   ii-    fur- 
■  .v]  i-uA. 

Ily     "calilirr"    is     iiu-aiit     lliv     iii--ii!<' 

'    niiUT    of     till-    -un     in    iiulic-.        \ 

'!uli   i;iiii   i>;   one  of   "miiuir   raliiirt.-,"' 

1  i>!R'  (pf   I  4-inilK's  a  jiiiii  of  "iiiaior 

.  lil.r.'." 

I  111'    length    of    a    tjiui    i-    ncNcr    ox 

■  rcv-cil    ill    iiii'lu'-;   or    frri.    Init    i:i    tin- 

''»/'.■/•  <'/'  lilih-s  that  il-  r.il'hrr  is 
'  vi-ihic  into  it'-  lrii;^th  :  thn-.  wluii 
v\i  >ay  a  i_'-inch  ^o-calihro  tjim.  \\'' 
I  'can  a  mm  "'    i-   inches  in   (hatnctcr. 

■  ii'il    ij    timo    50.   <>v  i<iin   inohi";    I'lni; 

'i'hc  "tiorc"  i<  ihi'  hole  extenihiii^ 
thron^li   the   ri'iitcr   of    the    'Min.    from 


tlic    rear    lace  ol    tiio   hiicv   iC   it?    tor- 
\'. aril   ciiil. 

The    "liiiw.Kr   ch.mihcr"    i>   thr    rear 
|iart  of  thr  horc,  aii'l  cxttMi.N   finni  iho     ; 
l.a'r    111    thr   hrecdi    ])lnj;    \' hni    ilu-rii 
ii'  ihr  point  wlicrc  the   "rithni;"  licijins.     I 
I  hi    [lowilor  chanihiT  is  sli<,'litlv  larger     I 
ii;  iliaiiU'tcr  than   l!u'  ri'~t   of   tlu-  iiorc. 

Tiu'  "rifliii'^'"  i-i  the  naiiK'  .;,'ivt'n  to  j 
the  ^iiiral  i;riio\i'-.  whicli  arc  cut  into  ■ 
the  snrfacc  of  tiic  horc  of  the  gun.  ' 
ami  ijive  to  the  projectile  il'^  rotarv  I 
ii'otion    when   the  .t;iiii   is  t"irc('. 

With  tho  aiKent  of  'iron-claiN" 
anil  heavily  arinorcil  fortresses,  it 
hciaiiie  lH'Ccssar\  to  increase  the 
power  of  the  t;tins  in  ii--e.  until  1m- 
i!a\  a  14-iiicli  i;nii  .if  15  eahhre-  lire^ 
a  proji'ctile  weiyhiiii;  i)c)()  poniiils. 
with  an  initial  \eloeitv  ni  -'Cmio  feet 
per  -eiuinl  \n  j.loa  of  this  initial  \c- 
ioeiu  max  he  hettcr  ohtnineil  hv  com- 
parison   when    Mil!   reaii/e   ill, it    a   train 


HOW    A    UKi    (UN    WOl  II)    I.OOK 


>kilih  Shi>winc  ('ciii> 


.incCciii-tni.lii.n  .if  ,i  M.i,|,rn  "  liiiili  iip"<iiin 


■j.i>u\i:  '^ixly  iiiiK'-;  an  lioiir  is  dnlv 
ir.ivdini;  at  the  rate  of  SS  fivi  piV 
-v\"i>tii|.  Xuw.  ill  (inkT  til  ]iniiliK-i' 
-iK-Ii  Wdinkrlnl  piiwiT  in  a  .i;nn,  j;ri'at 
ITi-^nn-  nin-t  ho  uoniTatol  in  ihc 
liiirc.  aiiil  it  "as  sunn  found  tliat  a 
oiu--|iitvi'  iiwu.  .vhitlk-r  i-ast  or  forjjeil, 
lonM  not   uith^tanil  siioh  pn-ssiin-s, 

lo  liii,'in  \\it]i.  wo  may  oonsiilcr 
tliis  oiK-iiii-ro  !,'tin.  or  any  ;;un.  as  a 
luho  uliii-h  nni-t  withstand  a  t;ri-at 
I'ros^uro  from  within,  ~o  tiiat  whon  a 
unn  is  (ii-^iyiRcl  caro  nmst  ho  takon 
to  soo  that  the  malorial  from  which  it 
i-.  oon^trmtoil  i-.  stronjj  onous,'!)  to 
V.  illi-lan.j  thi<  [irossuro.  And  not 
oi.iy  nni>l  tlio  i;iin  ho  suffioiontly 
^ironir.  Imt  it  nntst  not  l)o  too  hoavv, 
-o  tjiat  Mill  >ii-  yoii  lannot  j^o  on  for- 
o\or  iniroa^in;;  tho  thioknoss  of  tlio 
w.dl-  of  thi>  tiilio.  Ho^idos.  it  i>  .t;on- 
i!all\  ai  Knouliiloi.,]  ||,;,t  a  siniiilo  tiiho 
I  r  lyhndor  cannot  ho  ma<lo  with  walls 
of  -nllioiont  thioknoss  to  witlwtanil 
irom  wiiliin  a  ri'iifiiniril  ]irossiiro  I'or 
-'|iiari'  inch  irroator  than  tho  tonaoitv 
oi  a  ><|naro-inih  har  of  the  samo  ina- 
tirial:  in  oilior  words,  if  tho  tonsil. • 
~M-ont:ili  of  a  moial  is  only  twoKo 
t..n>  I'or  si|naro  inch,  no  gun  of  that 
niotal,  howo\or  thick  its  walls,  could 
V  ith~tand  a  jiros-uro  of  twoiUy  tons 
I'or  si|uaro  inch,  an.l  the  iiiodorii  hi'^' 
Utms  arc  to^tcl  ;it  that  groat  a  pros- 
~uro.  And  if  wo  look  further  into  this 
ii'atfor  of  pro^^uros  wo  llnd  that  whon 
;i  gun  is  t"iro<l  tho  jirossuro  oxorts  itsolf 
ir.  two  wa>s:  it  tends  to  hurst  tho  jjtin 
lingititdinally  or  ilown  tho  nii<l.llo,  and 
:t  ton.ls  to  pull  the  gun  apart  in  tho 
I'.-roction  of  its  lensjth.  (M  course, 
some  nu-thoil  of  strengthonini;  this 
r'nc-piece  .trim  was  sougiit  after,  with 
tl;i  result  that  to-d.iy  .guns  are  either 
'  hnilt-up"  or  "Ty'irc-TK'ouitd." 

A    "built-ui>"   Rii"    is   one    made   of 
'(■vrrnl    lri\iT-.    each    la\iT    heintj    •iep;i- 


rately  cou^lructcl  .in. I  ihcu  as<onihUd 
together.  The  order  of  ;i>semhlagc 
.'ilfers  sonieuhat  with  the  dilVerent 
calibres,  htit  the  method  of  assemlikme 
is  essentially  tho  samo,  that  is,  the  out- 
side layers  are  heated  and  -hrunk  on 
the  inner  ones.  This  (|uo-lion  will  ho 
treated  at   .greater  length    later   on. 

A  "wire-WMund"  gun  is  one  in 
which  the  necessary  aihlitional 
s  :nglh  is  ohtaine.l  hy  win. ling  wire 
nromul  an  imior  mho  of  stool,  each 
layer  hoing  woun.l  willi  a  ditToront 
tiiision  of  the  wire:  this  type  of  gun 
has  found  great  favor  with  foreign 
iiianufactiirors.  In  this  c.mntry,  how- 
over,  the  ■■hiiilt-u])"  system  is  used  al- 
most exclusivily.  ,ind  so  this  descrip- 
tion will  deal  with  the  m.innfacturo  of 
a  "Iniilt-up"  gun. 

A  mo.lorn  "huilt-up"  gun  is  com- 
posed of  a  //;/,•;.  a   tiihr.  a   jiukct  an.l 

lloofs. 

The  llih-r  i-  in  one  niece  .mil  exteniK 
tho  entire  leiiu'th  of  the  hore  and  car- 
r'es  the  "rilling"  ;nid  the  powder 
ch.amhor. 

I  he  /;.'''.•  i-  in  one  jiicce  .and  en- 
velops ilie  liner  for  its  eiuire  length 
I  ormerly  the  liil'c  carried  the  "ritlin-" 
.•md  jiowdor  chamhor.  hut  due  to  the 
wearing  out  of  the  "ritling"  with  con- 
stant tiring,  a  liner  wa<  decided  on.  so 
t!iat  now  whon  the  "ritling"  heconiev 
worn,  tho  liner  can  ho  removed  and 
a    now   one   suhstitutid. 

Tho  jacket  is  usually  in  two  p'ocos 
;m.i  is  shrunk  on  the  tuhe  :  it  extends 
the  entire  length,  and  its  rear  end  is 
threaded  in  the  in-ide  for  tiie  attach- 
ment of  tho  "hreoch  hushing." 

Hoof's  ,-iro  shrunk  on  over  th. 
t.'ckct  and  in  a  hig  gun  are  son  ■•times 
a-  tiianv  as  six  or  seven  in  nnmhor. 

Tho  liner,  tuhe.  jacket  and  hoops 
are  made  of  the  finest  qualitv  of  open 
li.arth    -'.••■l.    .-md    the    -t( .  I    must   .-Mn- 


11     \ui     \\ik\      iO    LIT    Ji     IN     iWO 


Hit 


til 


.1,  iioir:   I',  H'liip.  I'   jMKLr;  IJ.  rini.;  /•'.  i.p.i.u;   /■'.  iioup. 


I'hoto  by  lli'iMt'hini  .■«ircl  <'o. 
I  his  |pIi.)1c)lt>i|iIi  -linws  a  miniM  ior  :i  '4un  iiiKut  undiT  hyilr;iul'.   nross  for  llr.id  i-oniprr-sicui. 

fcrni   to   >|K-i.-ilu-alliin-   mI    1>\    tlic  ijov-  l.Tiji.'    laliln'o    .u;iiii-    run     inmx    4_'-incIi 

tiiiniriit.  tt'     4S-iiK'li     ii:     iliuiiicU'r,     ami     allur 

I  lu'     ilKiiiii'al     i-cinii>ii-ili<iii     liasiiij;  Ik  intj  pmivnl  lliix   arc  iinnR'(liatt.ly  run 

liiiii     (liliiiiiiiud.    llio    m-ii.'^>ary    flc-  uiuk-r   a    li\iiraiiiic    jircss.    wlurr    liny 

mi'iils  an-   \\tii;luil  out   and  tlif  wlicito  arc    sulijirtcil   to   a    |irc>-<urc   of     ihoiit 

iharijcil   into  an   o]nn  liiarili    inrnaco.  six  tons  ]ht  si|narc  inch  to  drive  out 

Wiun    ;!k'    furnace    is    rcatly    to    l)c  the  K'''"^^'"^-  ■i"''  '1'"^'"   lowered   to  ahoiit 

t.^nied   the  molten   metal   is   run   into  a  i  ^oo  |.<ntiiiN   ]ivi~-nre   ]ht  s(|uarc  inch 

l.irf,'e   ladle,  which   in  turn   is  taken  h\'  for    a    ren.iin    i.u-iii    oi     liine    duriiii: 

:i    1  r.iiie    to   tlie   ca-tini;   ]Mt.    where    ihe  the    cooliin;.       This    pressure    ti'ii^ls    to 

i.ioiiM    1-    lilKd         The    iiiL:ol-    lur    the  make   the   ini;ot    --ulid,  I'".-   exticllim:  the 


.1(1 


TAKINCi    nil:    IU)kL   ()!■    A    liKi    (iL  N 


;;.  -i -.    wiiiili    wuulil    rauM.'    liUiw  lu)k->,  ..\u\   niinr    ini|mnln^.    ri^i    lu    i\n    ii.ji, 

aii<l   li>    priviiiliiifj  "pil'inj,'"  and   "scj;-  I  In-      i;u\.ninKnl      >]ii'(.-irications      rc- 

rri;alii)ii."      W'lu-ii    a    iiiftal    Cdols.    tlio  ijiiirc.-    that    llinx-    -liall    In-   a    jd' r    div- 

lu].  and  .sides  coiil  first,  and  this  outer  lard    irniii    tl;r    u|.|nr    ind    .iiid   a    y  . 

l.iMT  ^llriIll,s  and  pnll-  away   t'rcnn  tlio  cliscard   iron-  tlic  l<iutr  end.      I'lie  dis- 

eiiitrr.  «it!i  the  result   lli.it  a  e.uits    or  eard   lia\inL;   lieetl   cut   oil",  the   inj,'ol   is 

"liipe"   woulil   l)c   formed,   hut   tile   hy-  '  eored,"    tliat    is.    its    eenire    is    liored 

draulic  pressure  lorees  ihiid  metal  into  oitt.  the  <liameter  of  the  hole  depetid- 

this  eavity  and  so  prevents  the  "pipe."  ir.;,'   on    the    si/e    of    the    in;;ol. 

Ilie    eooliii::;    also    causes    the    xarmus  1  lu'    in^ot     is    now     re.idv     for    the 

elements     to    solidify     separatel\.    and  '  fortje."  .iinl  on  its  reeeijit  in  the  forj,'e 

they    tend    to    hreak    away     from    the  shop    it    is    )ilaeed    in    a    fiiniace    to   he 


mass  ;ind  collect  ;it  the  centre:  this  is 
c;  IKd  "se^re^jation."  ,Mid  is  also  |iar- 
lialK  prevented  hv  l1uid  compression. 
.\  solid  iiifjot.  houever,  is  ohi.iined, 
.anil  this   is  .-ihsolutely  necess.iry. 

.\fter  the  ingot  has  cooleil  sut- 
licieiitly  it  is  ".t/; //•/-ci/."  that  i-.  it  i~ 
removed  from  the  mould,  .and  then  it 
i-  sent  to  the  shop  to  h.ave  the  "dis- 
card." (jr  e.xtra  length,  cut  off.      When 

inet.d  is  p< Hired  into  the  mould  t(j  per- 
mit this  discard  the  theory  heins,'  th.at 
the  poorer  metal,  tojjether  with  .i,';iscs 


heated:  and  here  j,'re;it  c:tn'  must  he 
exercised  to  |>revent  settinj;  up  anv 
addition.il  stniins  in  the  iiitjot.  When 
the  inL;(Ft  w.is  cooliilfi  just  alter  c;isi 
ii'U  the  iiirl.d  tended  to  tiow  from  the 
centre;  the  interior  is  still  in  .1  con- 
dition of  .strain,  .aii''  if  the  coM  ini;ol 
is  now  placed  in  a  hot  fnrn.ice.  cnicks 
.'ve  .ipt  to  fi.rm  in  the  centre,  riusiui,' 
the    forL'iiiL;   to   lattr  break   in   service. 


Kivtnj;  iK-en 
propeil\  heated,  it  is  re:idy  for  either 
the  foryins;  hammer  or  the  press.  Th^- 
present-<lay     pr.icfice,     thnn;,'h,     is     l^ 


HOW    THII    (ilN    rilJH    IS   TI.MI'l  kLD 


:i>  tiK'  working'  of  the  im-tal  c.iu-is  a 
tirtam  tluw ,  imd  as  a  certain  aiuoiint 
(if  time  is  lurcssary  for  tliis  tiow.  the 
CDiilimie.l  i)resMire  ami  slow  motion 
o:  the  ]>re^s  allows  the  inole.ules  of 
th.e  metal  to  a'ljn-l  tlutii-clvi  -  more 
easilv,  an.l  a  hetter  ami  more  homo- 
j^eneoiis  fori,'e(l  ini,'ot  i-  produeeil 
than  if  the  foriiini;  had  heea  done 
\' itli  a  hammer. 

When  fori;iii>;  a  hollow  inunt.  a 
nianiirel.  merely  a  ivhndneal  -lerl 
sliaft.  is  jihu-ei'l  tlinnii;!!  the  l^le  in 
the  ini,'ot  and  the  inj;ot  forced  on  the 
naiidrel,  therehy  not  only  i-  the  out- 
ride diameter  of  the  in,t,'ot  (Uvrea-ed, 
hut  the  len:,'th  of  the  inK<'t  i-  i"" 
erea-ed.  The  t'-iial  praeliee  i-  to  eon- 
limie  the  forijin},'  until  the  (Uii^'inal 
thickness  of  the  walls  of  the  in-ot  i- 
ilecrea-eil  onedialf  and  uiud  the  in','ot 
is  within  two  inches  of  the  reunired 
l;ni>hed   ilianietcr-.       I'he   in:ol    i-  now 


known    .1 
end   of 


\iV'^\: 


and   the    k.wer 
cast   wdl   1"    the 


ach  ni'.iot  as  cast  wui  i"  ine 
lireech  end  of  the  forpiif;  that  is  niad.e 
nom   it. 


he  next  process  is  that  of  "anneal- 


his'  c«iisi>ts    in    healinj,'    the 

f  1  rijin,!,'  to  a  red  heat  and  then  al- 
lowiiit;  it  to  cm  1  very  >lowly.  and  is 
I'.snaliy  iloiir  h>  Innliii},'  the  lires  in 
the  furnace  after  the  correct  temper- 
.i'.ure  ha<  hern  attained  and  ]>ermit- 
tin.i,'  hoth  lo  ,<»<[  olT  to.tjelher.  'idiis 
[irocess  i>  to  relieve  the  >Irains  set_  n|> 
ii  the  metal  ihirin;,'  fori,'in.i;.  and  fnr- 
llur,  it  .ili.i-  the  molecular  condition 
of  the  sleil,  m.akin.i;  a  liner  and  more 
iniiioijeneous  for^jinj,'. 

.\fter  annealiiv.;.  the  f"ri;in;.,'  i- 
reailv  to  ^o  to  the  nui'  hine  shop  to  he 
roni'h  hored  and  innud.  The  fort;in;,' 
i^  set  in  a  latlv.  the  breech  end  bein;,' 
held  hv  jaws  on  the  face-plate  and 
the  miiz/le  end  hv  a  ■>.  i-ccntre."  a 
1,  f.:e    iron    rin'.;    having'    severrd    ridird 


1,i-  „h..l..er.,pl,  -how.  a  l-h,.  tnl-,.  rr  ulv  to  Ik-  'ow,-r>-.i  into  oil  bath   for  "  nil   trmi-rrine. 


iM  ni\(j   rrii.  parts  op  \  -lu  iir-i  (>••  (,i  n   lociirinR 


.mils  Miiuctl  thrtiuj,'!;  ii.  Thi-  l.itlic 
i-;in  now  In-  tunicil  and  the  (nrKiii-^ 
itiitiTicI  In  scn-wiiij;  in  i)r  out  f»ii  tin- 
j.  \v»  ot  till-  faii-pl.ili-  iir  the  railial 
arms  ni  i\\c  "iMii-ri'iitrf."  Wlu-n  i-cn- 
tirril.  several  siirfai'i-s  arc  turm-il  mi 
the  ''"r«iii.i;  lor  "sti'mly  rosts"  and 
ilun  all  i^  i:i  n-ailini'ss  for  tlu-  turnitii» 
■  iinl  lioriiij;. 

Ill  liuili  (i|uTations  of  "tiirnini;"  and 
"lioriiij,'."  ilii-  work  nvoKo  while  tlu- 
iiiltiiii;  inoN  arc  led  aloiii;  rnriiiiii; 
is  MTV  -.impK.  .1,1,1  usually  sivcral 
I<'u|«  are  eiiliiiiy  at  the  same  time.  Imf 
horini,'  !^  ,1  more  delieate  niieralioii.  he 
i.ii^e  I  111-  workman  caiitiot  see  wli.it 
he  is  doiiiu  And  in  liorinj;.  either  a 
"lio!^  hit"  or  a  "packed  liit"  is  nseil ;  a 
'lioi;  liii"  is  a  half  i\liniler  of  east  iron 
lllteil  with  c.  etlttin-x  tool  and  used 
for  rou.i:li  eii!  .  while  a  "paeked  hit"  is 
a  full  ivlimler  of  wood  with  metal 
franiiiit:  and  earryinj;  two  tools  180' 
apart  and  ii-ed   for  liiiishinj;  cuts. 

The  foryiiifj,  liavinj;  been  rouj,di  lua- 
ehined,  is  now  ready  to  receive  its  heat 
treatment  in  onler  to  give  to  the  steel 
its  reijuired  [tliysieal  characteristics. 
1  very  piece  of  steel  used  in  gun  iiiaiiu- 
t'acture  must  cnnform  to  certain  >peci- 
tuatio'i-  a'i  reijard  hotli  its  ])hvsical 
and  chemical  characteristics.  The 
chemical  anal\>is  was  made  ;ii  the 
linn-  the  in!,'rit  was  cast:  now  fur  llie 
trtatiiuiii  of  the  forjritiij.  ]irior  to  the 
pli\-ical  te^t  as  to  its  tensile  streiiirth. 
elastic    limit.    elouLration    and    cniitrac- 

Thr  "tensile  >itreni;l!i"  of  a  liu-tal  is 
the   llllil-^^re^•.   rei|iitred    tu   hreak    that 
nut.il   into  p.irt^.      If  ;i   nmiid  har  ten 
iiii  he^   in   cross-section   ;iri-a    will    fr:ii- 
t;'re  under  a  strain  of  i_'ii  imi-.  n-  iiii 
s'le   sireiiytli   i-.    ijo  mi  or    ij   ions 

per  si|uare  inch.  TensiK  >treii,yth  is 
usually  e.\prev>ied  in  ]i(ninds  per 
••Muare  indi. 

The  "ela-tic  limit"  of  a  metal  is  llir 
I'tiit-stress  rei|uired  ii  fir--t  nnnhice  ,1 
pernianeiil  deformatin..  of  the  metal 
If  a  har  of  metal  he  subjected  to  an  in- 
•  T'-a'^nti:  -train,  ii])  to  a  certain  point 
that  metal  will  bo  perfectly  elastic, 
resumintr  its  normal  shajie  when  the 
strain   !•<  removed:  at   the  first   pcnna- 


luiit  set  or  deformation,  however,  ilie 
elastic  limit  of  that  metal  ha>  luru 
reached,  l-.lastic  limit  is  e.xpresM.I  in 
pounds  per  s(|uare  inch. 

By  "elonfjation"  is  meant  tlu  ui- 
crease  in  lenj^'th  in  a  l);ir  when  its  ten- 
sile strentjth  is  re;iched.  If  a  b.ir  10 
inches  Ions,'  after  rupture  incisures 
ii.X  inches,  its  eloiij,',iiion  is   iS',. 

Uy  ■yotitniition"  is  meant  ihe  de- 
ciciise  in  cross-section  are.i  in  ;i  har 
uliin  its  ten-ile  sireii.i,'tli  is  reached. 
It  ,1  Ipii*-  I  s(|u.ire  inch  in  ,irea  after 
rupture  is  only  .7;  of  ,1  si|iiare  imli 
'II  are;i,  its  contr.iction   is  _'.^' .  . 

I  hese    delinitioiis    heiiiij    understood, 
a   brief   description   of  the  heat   tre;it- 
iiieiit    cm    he   l;ikeii    up.    hecatse    it    is 
after  this  treatment  th;it  stand.ird  b.-ir-; 
are  t;ikeii   from  the  forj,'ii).i;s  to  nndir 
«o    the    physical    tests,     '{"he    first    step 
consists    in    "temiieriu!,'"   or    h.-inleniiii,' 
the   metal.     'Ihe   jiiece   to   be   tempered 
is  pkiced   in   .in   tipri;,dit   jiosiiion   in   a 
hij;h   furnace  ,iiid  uniformlv   he:ited  to 
the    rei|uired    temperature.     It    is    then 
lifted     from    the     furii;ice    tliroui;li    an 
opening    in    the   top   and   carried   In    .1 
crane  to  an  oil  t.iiik  of  suit;ible  .leptli 
and   pluii!:eil    into   the   oil.     This   r.ipid 
toolin:,'  or  '■teiiiperiiiij  in  oil"  is   facili- 
tated    by     h.ivin.i;     the    oil     t.iiik     sur- 
rounded by  a  w.iter  l-itli,  so  arranged 
tl:at    a    supply    of    cold    water    is    con- 
--t.intly  in  circiil.iiion  to  carrv  the  heat 
from   the  iii.iss   as   ,|nickly  ;is  possible. 
I  his     oper.ition      jiroiluces     e.vceedintr 
tonghness.  incre;ises  the  tensile  strength 
ami  r.iises  the  elastic  limit  of  the  inet.il. 
Xow  the   forging  is  .igaiii   annealed. 
>-o  as  to  relieve  ;iiiy  strains  set   up  by 
tempering  .and  to  soften  up  the  metal 
I',  the  degree  rei|uired  by  the  speiifica- 
tioiis.     It  also  increases  nviteri.ilK    llu 
elon.galion  .nid  contr.iction.   1  ire.it C.irr 
must    be    exercised    in    the    heat    tre.il- 
metit,   ;is    the    ;iccepl;iiice    or    reiection 
of   the   forging  depends  upon    uIuiIi.t 
or  not  the  test   b.ars  pass  ibe   rcinired 
''piriflcations. 

The  forging  is  mw  snlmiitt.  ,!  f,,,- 
test  .i\u\  Ihe  le-t  bars  taken.  In  ihr 
manufacture  of  ;i  b;:r  gim,  four  t.-t 
b.-irs  ;ir.-  i.dMii  fr,,ni  llie  i)rerch  en.! 
.nnl   Innr   tnmi  llie  nni//l,-  en. I  of  e:ich 


Sl.AkCHlNtJ    lOk    I'OSSIIU.K    DKILCrS 


lMrj;nit,'    ami    Hum.-    liar>     -i-iH     Im     iIk-  -l.ir  ;;  in;;i'l  '    .iIIm    lumi;    imi-li  i.'.u  .1 

I.l.\>ii-al    laliiiraKiry.     iJiwU-   an    <  I.iImh-  ;niil    al-n    tlu-    liiu  r    <>i    llif    <iiin    allrr 

;ilr    It^titi),'    iiiailiim-    is    iiri)\  i>li.'<l.   ai\'l  iiili  a>>t!iililaj;i-  opiTalioii. 

il   till-  liars  iia»  the  ro|iiirol  ti-sts  tlu'  In    |iri|iaiatinii    idr    tlu-    a».tMililiiit; 

fiir),'iiif,'  is  aivqilnl  ami  is  mmh  to  tin-  t.f  tlif  ilit'tVrciil   part-,  ilu'  tul.f  i>  tin- 

riai  liinc    shop    fur    tiiiisli-hurint;    ami  lor^'in},'  to  lie  liiii^lud.     It  is  lion-il  ami 

t,;,,,niL'  liirmil    lo   ixail    <lini(n>ioiiN  aii'l   ran-- 

lii'|iKiul\    ihirin^;    litii-li-liurini:   llu-  fully       "liorc-M-an-licil"       ami       "star- 

v(irU   is  cxaiiiim-<l   to   -ir   tliat    tin    Im  v;;'ili,'i-cl."      \\  itii    tlii'    ilata    at    liand    a 

I-    luiitiiiiK'   Irm-.   and    i,'rcal    lari     nin^l  -l.itili    is    niadi'    -tiuuiiii,'    tlu'    oxtrrtial 

111    1  siTi-isfil  to  ]iri'vi'nl  il-  riinnm;,'  out  dianic  I.  r-  i.f   iln    Inu  r  nmK'r  the  tiilK-, 

,,i   ,irK'""ii-'"<-  '''"'^'    'illowanci-     Im  in^    inailc     for     the 

Aftir  tinish-lioriu.u  tviTv    forj,'iii};  is  slirinkayc  wIru  a—,  luhhni,- 

•hiirr  -r:ir.-!ud."    tliiil     i-.  'llir    1'"f.'    i<  '\'\u-    limT    i-    ni\t    !...r.d     ti.    uitlini 


^ 


liircni;m     iiIHm-     earn 
lin.il    "liiirt  —can.  Iiiiii; 


/ 

(■.n-(fiill\      i\:iimn.-l      f.ir     ;mv     .ra.'k^,  ,v-    "'    :ni    ivli    ..i    ilir    imi-lnd    diaiii- 

tlau-.     -tvc-.ik-     or     ,li-col..ralioii         \  lUr.  and  innnd   m  tl'o  diuR-n-ion-  n- 

-|.rrial      in-lruni.nl      ralKd      a      'liori'  i|Uirrd  l.\    tliy  dsii>  h  ahovi'.  'I'hi-  fxlra 

-lar.lur"    i-    \l-rd    and    i-on-i-ts    of    a  ini-lal   in   dn    ]..  ii\-   i-.   k'ft   lUitil  the  '^ini 

!(  ni,'   wnudm   hail  IK'  whi-h   ha-   a   niir  i       lonijilrlJv     a-M-inhloil     and     i-     ro- 

M.r  im  liiu  d  al    i;     at  Om-  >  iid.  n  lu'-lhir  tnovid    in    dir    liui>hdionilj,'.    The    hnrr 

V.  ^ih  a  hulil   IM  illnminair  lln-  horc  and  i-    ihtn    can  fiiHv    ••hon— fandu-d"    and 

„      -hiiMrd    a-    lo    oh-' nrr    ihc    h-ht  ■'.-lar  Ljanm-d"   and    hnc-r   and    luhi-   are 

l-(,ni  Ihe  oh-i-rvcr.   (See  -keUli   i  r.  adv    fur  a-cnihliiiL; 

riir    hon-    is    also    in-|HVted    hv    tlu-  ilie     luur     i-     now     taken     to     tlie 

■      '    rinu.    liul     die  -krinkini;   ]iil    and   earefull\    aliened    ni 

.    done    li\     an  an    upriuhl     |io-ition    with     ihe    hreeeh 

ei-peclor.  '  nd   down 

Now  to  nua-m-e  aei-urateU  the  in-  ihe  -hrinkinu'  ]iil  i-  iiiefk-l\  a  well 
-ide  dianuter-  of  long  e\linder-.  -neh  >'•'  -(|uare  seetion  with  niom  enon^h  to 
a-  are  n-td  in  •^w\  ucirk,  a  <pee!al  permit  workmen  to  move  freely  aliout 
nieaMirniL;  de\iee  ealled  a  ■■-tar  -au.ue"  tlu'  u'nn  wlun  il  i-  in  ]io>;itiou,  a.nd 
i-  u-ed.  It-  name  i-  derived  from  the  eonippid  with  a  mo\al>le  tahle  at  it- 
fact  'hat  it  ha-  thrr,  nua-nrinL;  ]ioint^  hotioin  npoti  w  hicdi  tlie  jjtm  re-t-.  In 
^  .      .     I  .,1      a'larl    aii  !    l '.'. '  ■    naea-nre-  tlie    meantime    the    luhe.     with    hreteh 

end  down.  ■-  heiiii;  heated   in  a  hot-air 

md    the  tn.rnaee.      Ihi-     fnrnaia-     i-     a     vertical 
i\liniler    hnill     of     lire  hrick     and    as- 

/C^  ..  hi-to<     and     -o     con-tructed     that     air 

otiler  Kjy-     ''■'■     ""-^     1"""''^     ni.mn,^  ^^  ,,,^,,,     ,,,^     |,^.,.,,      ,,,,_,,,      ,„      ,„,„.,     ,  „.  T 

pelrolenin    hurner--    can     enter    at     the 

a     star       Y_X        l'^"-'-^       for^ng     is  hoUoin.  pass  aroiaid   am!   thr- 'i-h.   ih,- 


nienl-    are    taken.   o!u 


lulu-  .tini  mil  im-iiuj;ii  lin-  iip|.  to  In' 
ri'licati'd.  Iliis  -.tTN  iii'  |p<.Tiiiil>  ;i  iini- 
I'onn  licit  to  l>f  iraiismitle.l  to  t!io 
iiil)c  and  wluMi  tlif  .It^ind  ti'ni|ifra- 
turc  lias  liiiii  attaiiu'il  tlu'  tiihc  i< 
liftfii  from  till-  ttiriiai  •  liy  a  «raiio. 
iv.rrii-il  to  tin.'  sliriiikiii),'  jiil  and  carc- 
I'lilly  lowered  over  the  liner.  ( ircat 
i.irc  nin>t  l>c  i-wrcistd  in  this  oi^ra- 
tion  to  i)rfvi-nt  the  tnhf  from  stick- 
nii,'  while  heiii;,'  lowered  into  place, 
.^honld  itjiaiiiieii,  the  tnlie  .should  lie 
hcisted  oft  at  once,  allowed  to  cool, 
.in-  rmijjihint;  of  the  liner  ho  smoothed 
'•ft.  the  tiilie  reheated  an  a  >eeond 
trial  made.  When  tile  tuhe  i^  jiroperlv 
II-  jiiaoe  a  cold  spray  may  he  turned 
upon  any  partirnlar  section  where  it 
1^  desired  the  tnl)e  should  tir-t  grip 
the  liner.  'I'he  tnhe  is  then  left  to  co(,I 
!iy  it>elf.  lint  cold  water  is  constantK- 
>  irciilatinj;  lIiroiii;li  the  liner. 

When  the  mm  i<  ■iutHcieMtly  coul  for 
h.'ndliiii,'  piirjio^es.  it  i~  hoi-ted  out  (,f 
the  -hriiikiiiu  pit  .-md  taken  to  the  ^hoi> 


!nr  careliil  me.iMirenient.  the  liner  lio- 
inf,'  ■•star-^aiiyed"  I.,  in.te  llie  o 'mi>re- 
.sion   duo    to    the    -hrinkiiii;    on    of    the 
tnhe. 

The  same  procedure  is  foUoweil  in 
the  case  of  the  jackets  .nnl  hoops,  un- 
id  the  entire  ^wu  \>  as>eiiililed.  The 
ynn  i-  considered  completely  ■'Iniilt- 
np"  wluii  the  last  hoop  has  heen 
shrunk  on  ancl  is  now  re.idv  to  he 
linished. 

'I'lie  iitm   is  now  linish-liored.  a 
o'    an    inch    of    metal    was   Ufl 
hiier  in  the  lir-^t  horin 
are   used   and   the 

(.rcised  to  keeji  the  hit  properK  ceii- 
tired  and  runniii!,'  true,  .\fter  iliis 
step  the  .t;iin  is  linislitnrned  and 
the  jiowder  chamher  is  horecl. 

I'ollowin},'    tliis    operation    the    j;"" 
is     ■iiore-searched"     fi.r     any     defect- 
that  may  have  shown  up  in  the  hm'sh 
1  •irintr  and  chaniheriiii;.  and  then  c.irc- 
fidly   ■■slar-.t,':mucd." 
re.-idv   to  he  'ritlcd  " 


in    the 
'.icked  hits" 
re., test   care   is  ex- 


lie  Kim   IS  tlieii 


-h'.ws  a  C'.;n  in  t!u'  Kif.ii 


^r.. 


l.r.i.i- 
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I  111'  ■■ntliii)4"  ui  a  ^uti  i"ii^i«i>  111 
iiitiinn  >|>iral  j^nioM's  in  ilu-  Mirfaci" 
<.i'  till-  linn-  t'riim  tlu'  jiowtltT  tliatiil)iT 
to  lliv  iiiii/zli-  iticl.  ami  i>  iluiii'  Irom 
tlic  imi//li-  iihI.  Kitliti),'  i^  a  vi-ry  ilitti- 
iiilt  i>|»  •atiiiii.  aii<l  >;roat  care  iiui>t  In' 
iMTii-i'd  that  till-  i-uttiiij;  i"*  uiiilnrni. 
I  lu'  ^;r<i(nt>  arc  M-tiaratoil  hy  raisi-il 
portiuii-.  lalK-.l  "laiiils."  aixl  alter 
"ritlin;;,"  iIuni'  fjmovi's  and  "lands" 
ari'  lartl'iilly  Mnnuilicd  up  to  ninove 
ir.L'  ronyli  iiiyi's  or  Imrrs  laiist-cl  hy  the 
eiitlili};  tm>l>  111  the  "ritlinn"  tiiaihine. 

The  neee>sary  ImUs  are  now  ilrilled 
inr  littinn  the  hreeeh  nurhanism  and 
the  hreeih  hloek  t"itte<l.  This  opera- 
tion usually  takes  >ume  little  time,  an 
lUiite  a  hit  of  hand  work  is  necessary 
to  insure  a  perfeet  lit.  The  "yoke," 
really  another  "hoop."  is  now  put  on 
ai  the  hreeeli  vuA  .iiiil  ihi'  j;un  is  eoin- 
plile. 

rile  centre  of  jjravity  of  ^'un  and 
hreeih  tnectiani>!U  is  now  ileterniiiied 
hv  halancini,'  on  knife  eilijes  ami  the 
\\hole  then  weighed.  {"he  hreech 
iiiechanisin  is  also  weigh'  1  and  the 
two  wei^'lits  in.irked  on  the  rear  faces 
i.f   the   1,'un   and    hreech    niechatiisin. 

The  s;un  is  now  fitted  in  its  ">lide," 
th.it  part  of  the  niotint  whi.h  carries 
the  trunnions  and  throujjh  which  the 
5,'un  recoils  when  it  is  lired.  and  after 
ii  is  adjn~Ieil.  all  is  in  readiness  for 
die  "proof-liriie;"  or  ti>lin:,'  of  the  >,'un. 

What  Is  Motion? 

1  1,1  ii  .iir  practically  hut  two  thiii'.'s 
we  >ee  when  we  use  our  eyes  '  ine  o| 
iheiu  is  matter,  which  is  a  term  we 
api>lv  to  the  thiilf;s  we  see.  speakiiii; 
•  f  tiiein  as  ohjecls  only,  and  the  >  ther 
is  iiii.tioii  wliicli  we  oh>erve  ^inie  ot  the 
ni:itter  to  possess.  Some  of  the  thiiis^'s 
v.e  see  confuse  us,  if  we  hear  in  mind 
iha:  everythiiii,'  is  either  matter  or  mil- 
lion. I"or  instance,  we  see  lijjht  anl 
kni'W  it  is  not  matter  and  are  cni- 
liised  until  we  understand  tliat  lif,'ht 
is  a  movement  of  the  ether  which  sur- 
rounds us  and  i^  in  .iiid  outside  of 
(.'vervthlni;.  in  liie  same  w.i>  wi  ii<i 
i'.eat  and  may  think  it  is  ni.ilirr  thrown 
off  hy  the  lire,  whei:  it  is  i.nlv  another 
kind    of    mntinii    of    lhi<    ^.iiiie    elhrr. 


\\  iii'ii  ui-  uhdi.  I  si.iinl  ilii-i  lliih>;^  >s  e 
sec  that  motion  is  a  very  iiiipnrtant 
and  real  part  of  the  world. 

When    a    motion    is    started    it    will 
keep    on    K"'"k'    f'irever    unless    >.oiiie 
other  force   which  i>  ahle  to  overeoiue 
the   motion   sto]>s   it.     When   a   hall   is 
tl'.rowti  in  the  air  it  would  n»  on  for- 
ever were  it  not  for  the  law  of  gravi- 
tation which  pulls  it  to  the  earth  ami 
the  friction  of  the  air  on  the  hall  as  it 
goes  through  the  air.     When  you  stoji 
a    thrown    iiall   you    sometiiues    reali/c 
that   motion   is  ;i   real   thing  hecattse  it 
st-ngs  your  h.inds.    We  do  wciuderfnl 
things  '  with     motion.       Many     things 
wlien  you  add  motion  to  them  .aciiuirc 
i|Ualities    which   thev    did    not    ]iossess 
hefore.      I'or     instance,     an     ordinary 
icicle   thrown    against   a    wooden    door 
will   hreak.   hut    if    you    put    it    into   a 
gun    and   give    it    snificient    motion,    it 
will  go  right  through  the  door.     There 
is  a  storv  of  how  a  man  killed  another 
hv    using   ail    icicle   as   a   hitUet.       The 
icieU'    entered    the    man's    hody    and 
killed   him.      Then,   of  course,   the  ice 
melted  and  no  one  could  tell   how   the 
m;iii   received  his  wound,   for  no  tr.ice 
i.i     anvthing     like     a     hllllet     could     he 
lound.     A   piece  of  ]>aper  has  no  cut- 
ting i|ualities.  hut  if  you  arrange  a  cir- 
cular or  square  piece  of  paper  with  a 
rod  or  stick  through  the  center  and  ro- 
\olve  it  fast  enough,  you  can  cut  many 
things  while   it  is   whirling.    The  mo- 
tion gives  it  the  cutting  qualities.     You 
cm   t.-ike  a   ]>iece  of   strong  rope  and. 
hv   tving  the   ends   togetlier.  m.iking  a 
circle  of  it.  you  can  nnke  it  roll  down 
the  street  like  a  steel  hoop  if  you  catch 
it   just   the  right  way  and   set   it  spin- 
iriig  fast  enough  hefore  starting  it  on 
it'^  \v;iv.   A  steam  engine  has  no  power 
to    ))uil    the    train    of    cars    until    tlu- 
wheels  are  set   in  motion.      So  we   see 
ti'at  motion   i~   a   very   important   thing 
in  the  world. 

Motion  is  the  cau-e  of  movements 
of  all  kinds,  the  power  which  takes 
things    from   one   ]ilace   to   another. 

Is  Perpetual  Motion  Possible? 

IVrpetual  motion  will  never  he  pn-;- 
sihle  unless  some  one  discovers  a   way 


III, 


If 
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III  iiMii  I  mil'  tin-  i.,\\  ni  l;i  .u  n.iin  111  .iii'l 
alxi  ilu'  cirtiiinl)  lli.il  inatort.il^  will 
I'Miituall)  wi-ar  mil.  Manx  iiuti  lia\i> 
trji-(l  to  iiiakr  a  iiiailiiiii'  tlial  \\iinl<| 
ki'fp  (III  niiiMii),'  forever  wiilin'U  lIu' 
a]i|i!ii-atiiiii  i<i  aiiv  (miwit.  iIu-  cmi- 
»itm]i!iiin  iif  I'litl  uillnii  il«i-li.  tin-  tali 
111  wiiylil^  or  till'  iiiiwiinliMy  nl'  a 
^I'riiiL;;  -luh  a  inailiini'  wmilil  In-  .ili- 
»iiltilrl\  iiii|"i»»ilili-.  allliiiii!4h  many 
|ni|ili-  liavi'  liiTii  I'iMiltil  iiitn  invi'^t- 
iiij;  iiKiiK'x  in  inacliuu-  lliat  :'.|i|u'arril 
t'>  liavf  tliis  |Mi\MT  uitliiii  llu-ni»cl\t.'s. 

How  Can  an  Explosion  Break  Wimlnws 

That  Are  at  a  Distance  i 

All  i-\i'lii»iiiii  i>  a  -tiilikn  expansion 
nt  a  >inl)*laiKi'  like  i;nn]io\viier  or  some 
elastic  riniil  or  otlur  ^iiliNianee  that 
lias  tlie  power  to  explmle  uiiiier  eer 
tain  eoniiitioiis  with  lone,  ainl  tiMial 
ly  a  loiiil  ri]Mirt.  Smiie  eNplo^ions  are 
loinparatively  mihl  ain!  ac>iini]>aiiieil 
!iy  a  very  niilil  iioi-e.  while  other-  arc 
\erv  powerl'nl  ami  ai'iompanieil  liy  a 
\er\  loiiil  iioi-e.  \\  luii  an  es)ilo-ioii 
oeeiir-.  the  air  aiiil  everything;  stir- 
roittiiliii^  the  ihin'..;  ihal  iNploiK-s  is 
very  niiuli  i!i-tiirlie.|.  The  air  snr- 
rounilini;  the  thiiiy  that  e\|ilii'le-  i< 
thrown  hack  in  air  wave-  wliieli  are 
pnwerftil  in  the  exaet  pro]Mirtion  in 
whieh  the  explo-ioii  is  powerful. 
'riie-.e  air  waves  can  he  so  -iiililenly 
thrown  haeV  auain-t  the  ohje.i*  in  tin* 
vieiiiitv  that  not  only  the  vviitilow-  in 
the  htiililini;-  are  liroketi.  lint  often  the 
et'tire  linil'lini;  Mown  away.  I  he  ex- 
jilo-ion  ;!et-  in  all  ilireetimis  at  onee 
with  equal  fone.  \  L'real  hole  may 
he  torn  in  the  earth  heneath  the  ex- 
plosion. If  ihi're  i-  aiiytliini;  (jver  the 
explfision,  that  i-  Mown  awav  iinle-'; 
it-  I'ower  of  re-i'^tatiie  i<  suftieii'iit  to 
with-tand  the  I'ovver  of  the  explo-imi 
Then.  al-f).  the  air  -nrnniniliii!,'  on  all 
sifles  is  foreeil  liaik  aiiainst  evervthinu 
in  its  jiath. 

Very  often  this  air  which  is  snihlen- 
ly  fnrceil  hack  by  the  power  of  the 
exjilosinn  is  thrown  aijainst  hmtses  at 
a  'li-tance.  These  hon<es  mnv  he  '•o 
stronL'lv  Iniilt  as  to  hi'  ahle  to  vvitli- 
stnnd  the  effect  of  the  explosion,  hnt 
still  certain  parts  of  them,  ■<\\ch  as  the 


viHilow-  ainI  the  hn.  k-  ol  the  i  hull 
I'ly,  may  not  he  ahle  to  witli-taiul  thi< 
>-ni|ilen  pre—iire  of  air  aKain-t  them 
aiiil  lliey  are  forceil  in.  the  vviiiil 
irom  -ncli  an  explo-iini  act-  on  the 
oiit-iile  of  the  wiiiilmv-  jti-t  the  sann- 
a-  tlioii(;h  Volt  -tooil  on  tin-  ont-i'li 
wth  yolir  haiiils  atjain-l  the  winilo\x< 
.iml  pit-hii|  them  in.  Aiivihini;  that  i- 
thrown  ayain-t  a  wimlow  with  more 
force  than  the  wimlow  j^la—  can  re- 
si-t  will  hre.ik  the  wimlow.  ami  even 
sli^jht  explo-ion-  may  he  sii  ]M)vverfiil 
■  ir.  to  throw  the  air  hack  ami  away 
irom  them  with  -iich  force  as  to  hre.ik 
wimlows  at  a  ^reat  ili-taiice — even  ;i 
mile  or  more  away 

Vliv  Di)  Snmr  Tliiiit;s  Bciui  miu!  Othirs 

Break '. 

Wi.eii  .in  o 'isiile  force  i-  applid  to 
-..nic  objects,  some  of  them  will  luihl 
ami  others  break.  It  is  iliie  to  the  fact 
that  in  some  thiiij,'-  the  p.irtide-  have 
the  faculty  of  -tickim;  toyeilur  or 
haiifjini,'  on  to  e.ach  other,  ami  ii  i-i 
very  ilifticiilt  to  br-.ik  tlii'in  ;iwav  finm 
e.icli  other.  In  such  inst.ances.  ,i-  in 
the  c.i-e  of  a  wire,  the  article  will  lieiiil 
win  II  we  .ipply  the  iiovver  to  it  ami  it 
will  not  break,  hecan-e  the  p.irticles 
which  ni.ike  up  the  wire  have  the 
f.-iculty  of  hanpini;  on  t.i  each  other 
.A  ])iece  of  };la--i.  however,  can  he 
broken  riyht  in  two  by  the  .-iiiplication 
of  ]\n  in-  force  tli.an  w.is  n-eil  to 
bin.l  the  wire,  becan-ie  the  f).irt'<l,-- 
vvliiih  m.ike  tip  the  t;las-  h.iven't  the 
faculty  to  h.in<;  on  to  e.icli  other.  If 
von  continue  to  beml  .a  wire  b.ick  aiicl 
firth,  however,  .at  the  -ame  point,  it 
will  linally  bre.ik  apar<.  because  vmi 
eventnally  overcome  the  abilitv  of  thc 
p:irticles  in  the  wire  to  hails,'  on  to 
cell  other. 

It  all  ilepeiiil-  npon  the  haii'^'inti-on 
•abilitv.  Sometimes  in  ttnileri;oint.'  ilif- 
fennt  processes  an  article  which  will 
orihtiarily  oiilv  beml  will  become  very 
brittle  or  breakable.  A  steel  wire  m.iv 
beml  but  if  von  make  a  •^teel  wire  verv 
haril  it  becomes  brittle.  ( ):i  the  other 
liaml.  j:la-s  is  very  brittle  onlin.irilv. 
but  if  yon  make  it  vi  ry  hot.  von  cm 
beml   it   into  any  --hapi-   von   wi^h.  ami 


win    \  i?\i  I   iioi  \ci  s 


llius  the  k'-'^^  uurker  makis  (lili'iTi'ilt 
■.li:i|K->  li>  varimis  di^lio*;  lamp  »-liim 
m\«,  ImiIiU*.  iti- .  Ity  luMtniR  «la^^  ami 
lluii  iKiKJim;  it  Whtn  it  lunniu-.  iim»I 
.ii;.iin.  it  al«<>  luvomi's  hritllo  or  lircals- 
al'K'  as  Iiclnri-. 

VVliv  Does,  .1  Ball  Bouiire  ! 

Will  II  .uu  tliidu  a  I'all  a;;aiti-t  tlic 
lliiiir  in  onliT  to  itiaki'  it  JHiunri-  tin- 
I'.ill  m.-ts  (lilt  of  ;'lia|if  as  siMiii  as  it 
■■  iiin->  ill  I'liitait  \Mtli  till-  tliM'T.  .\> 
miuli  of  it  as  strikos  tin-  floor  lKicinu> 
pirlivflv  flat,  ami  Ixrausf  the  lial'  lia< 
:i  iiuality  known  as  dasticitv.  wliicii 
nu  MIS  tlu-  ;il)ilily  to  return  to  its 
jiropiT  sliapi',  it  returns  to  its  sliajK' 
iiniiK'iliatttly  ami  in  iloinjj  so  forrcs  it- 
self liaik  into  the  air  ami  tliat  is  llic 
iMuiiu-e. 

( )|'  lotirse,  tlio  lirst  thin),'  \m-  think 
(if  wliiii  \vi'  (.-onsickr  sonuthinj;  that 
hniiiKi's  is  a  hall,  ami  in  most  case's 
:i  nihher  hall.  We  are  more  familiar 
villi  the  liouiK-iiij.;  qualitiis  of  a  nih 
her  hall.  Other  halls,  like  stamlar.I 
h.vsehalls,  are  not  so  elastic  as  a  rnh- 
hir  hall  tille<l  with  air,  tmt  a  soliil-rnh- 
her  hall  is  more  elastic  aii'l  some  L'olf 
h.-ills  are  much  nmre  clastic  than  n 
^"liil-ruhhcr  hall  'riic  principle  is  the 
s.iine,  when  ymi  ilri\e  a  };iilf  hall.  e\ 
tcptinj;  that  when  you  hounce  :i  h.ill 
on  the  t1oor  the  floor  iloes  tlu  tl.ittm- 
ini;  ami  when  you  drive  a  jjolf  ball,  the 
jjolf  dull  does  the  tlatlcniiii^  \  1m<c- 
iiall  flies  away  from  the  hat  fur  the 
same  reason.  Winn  \'U  nuct  ,i  fa-t 
pitched  hall  s<|narely  on  the  nose  with 
a  j;ood  swing,  it  j;ocs  fartlu  r  ind 
fa-ter  ih.an  when  you  hit  a  sl,,w 
pitched  h.ill  with  an  ci|ual  swinir,  he- 
'•ausc  in  the  ca^e  of  the  fast-pitched 
h.all  vou  tl.itten  the  hall  out  more  and 
it  has  so  nnuli  more  'o  •]•<  to  r"cinir 
its  proper  shape  tha.t  it  Imniu-rs  ,i\\a\ 
trom  tiie  ImI  at  nin.  !i  ijrc.itrr  -prcd 
and  SOt^s  innrh  f.ji'th'  r  uiilc-s  ,-aiiL'h' 
than  a  -^l^w -pitched  hall  mider  the 
same  circunist.nici  s 


iUiiKes  a   Ddii    OLu^j   ijuunclii^  ; 
Hr,;i|.  iiiiT    hall,    when    yon     Tifst 


w  lUll 

.\ 

tlirow  it  auaiust  tlie  wall  bounces  hack 
at  you  about  as  fast  as  you  tlirow  it, 


hut  if  \oii  do  ;.  1  .  ..:  !.  ,:  "U  the  i. 
i>ouiid.  It  >!oes  to  the  lloor  a);ai!i.  hc- 
raiise  the  law  of  gravitation  which  is 
tile  piillinj,'  |Miwer  of  the  earth,  JjuIU 
ii  down  ajl'iin  When  it  strikes  tlu 
thxir  it  IS  .ly.iin  flattened  to  a  certain 
extent  and  liounces  np  ajjain.  hut  cloes 
rot  come  liack  so  high  It  jj'"'"*  "" 
sirikiii;;  the  floor  ami  hoiinciiij;  hack 
into  the  air  .lyain  each  tune  a  shorter 
distance,  iiiiiil  the  force  of  yr.ivity  h.i- 
;utuall\  oMicoii.e  its  tendency  i" 
hounce  hack. 

When  yon  honiice  a  h.ill  on  the  floor 
.iml  it  hoiinces  u]i  .I'^aiii,  the  motion 
of  the  hall  tliroui:!i  tlu'  ;iir  is  alVectid 
hy  the  friction  that  the  ci"  ict  with 
the  air  produces  and  this  t.ictioii  of 
the  air  overcomes  p;iri  ol  the  honn 
,  '■•.}'.:  .diii'tv  ill  the  lia.ll  ;i!-o 

What  Makes  a  Cnld  Gl.iss  Crack  if  Wr 

Put  Hot  Water  Iiiti  It  ' 

Mot  watiT  will  no!  .alw.ays  c.iu.sc  .1 
I  "11  glass  to  crack,  hut  is  very  apt  to. 
e-pecially  a  thick  glass.  The  very  thin 
glasses  will  not  crack.  I  he  test  tubes 
used  hy  chemists  are  made  of  very  thin 
glass,  and  will  not  cnuk  wluii  hot 
lii|iiids   are   |)ourecl    into    ilu m. 

When  a  glass  cracks  .-.iirr  \uu  have 
pi'ured  a  hot  liquicl  into  it.  ii  docs  so 
lucuise.  as  soon  .is  the  hot  liijuid  is 
put  in,  the  particles  of  glass  which  form 
the  inside  of  the  glass  become  heated 
and  exjiaiKl.  They  begin  to  do  this 
before  the  p.artides  which  form  tlu 
outside  of  the  glass  become  heated, 
and  in  their  etVorts  to  e.xp.ind  the  inside 
panicles  of  glass  literallv  break  .away 
Ironi  the  particles  which  form  the  out 
side,  ciiising  the  cr.ack.  The  s.imc 
tiling  happens  if  you  )>ut  cold  water 
into  a  hot  l;1.iss,  excepting  in  this  in- 
-taiu'c  llu  iiisj,],'  p.articles  of  the  gla-s 
iniiir.Ht  brfiirr  the  p.articles  which 
tonii  the  oiitsi.ii-  i.i'  llu-  L;I,tss  Imm-  had 
linic    to    beiunu'    'n.il    .m,]    ,\n    likewisi,- 

What  Causes  the  Gurgle  When  I  Pour 

Water  from  a  Bottle? 

i  iie  :iir  tr\M,L;"  to  '4rt  ill  cause=:  the 
'-^iTLili'  \ii'  li.is  one  strong  <■!' ir.icter- 
i'tic  wliuli  .st.nuN  out  above  everc- 
tliirig  rlsr.     It   w.nits  to  go  '^nnie  place 


<-\ 


\\M\      \    COM     H\S     Sl.l  I  \l     I'.l   nONS 


1.1m.'  all  Uu'  tniu-.  W  luii  it  loani.^  nl  a 
I'lai'i'  wliiTi'  iIkto  i>  111)  air  it  \v.iiit< 
to  ;;<)  iIhtc  alinvi'  all  lliiiii,'>.  an!  j;iic^ 
at  it  with  a  ni-li. 

Xiiw.  when  \i>n  turn  a  liuttlf  fttll  <>i' 
vatir  iii'^iiK-  iliiwn.  tlu-  uiti-r  I'diiii* 
ciiit  it  till'  rork  i>  imt,  nf  lonr^i-.  anJ 
a~  Minii  as  ttic  wati-r  >tart~  nut  the  air 
-irivi's  til  1,'et  in,  anil  every  time  yon 
hear  a  .^nrirle  yon  know  tlu'  air  is  t;et- 
tuii,'  in.  I'.MTy  .yiiryle  is  a  liatlle  Iie- 
tween  thi'  wattT  aiiil  the  air.  Scmie- 
tnnes  the  air  e  nnes  .in.l  pushes  the 
"  ater  hai'k  ei!iiUi;]i  to  let  it  sli.K.  into 
the  lintlle:  sniuitimes  tile  wattT  |iUslie-; 
the  air  haik,  anil  thus  they  tljiht  haek 
ami  forth.  The  water  always  yets  mit 
aiiil  the  air  al«,i\s  i;its  in.  in  ilnim; 
SI)  they  make   the  irnrt;le. 

V.'licre  Dies  the  Part   ol'  a  Stocking'  C  , 
That  Was  Where  the  Hole  Comes? 

Terhajis  this  i>  a  I'linlish  i|Uestiiiii. 
I  lit  maiix  hii\s  anil  uirN  lia\e  heeu 
I  u/.'le.l  lor  an  aiiswiT  to  it.  When 
\'  u  I  1,1  \iinr  stnekinns  on  tlie\  have  uo 
holes  in  ihe  leet.  aiwl  at  niylit.  when 
\iiu  take  them  oil',  there  are  often  quite 
l.;r!:;e  holes  in  them.  Tlie  answer  is  the 
•anie  a<  in  the  ease  of  the  leail  in  tlv 
leail-]ii.neil.  The  leail  in  the  jieiuil  we  irs 
auav.     ^'o^^  can  see  i'.  wear  away  he 

is,-  that  is  what  makes  the  marks. 

When  a  hole  is  comiut;  into  vour 
siiiekiti'.,'.  the  stiiek'r„  on  your  foot  is 
1  eiu'.^  rr.llie^l  heTweell  your  foot  ainl 
-i.metliiir,'  else  I  prohalily  some  part  of 
MMir  shoe)  ami  this  eoustani  ruhliiu^ 
will  we;ir  thriniL,'li  the  \anis  with  whieh 
the  stuekini;  is  knitteil.  •  >f  eour>e, 
the  varus  in  the  sinekin.i;  are  stretelu  J 
-. miewh.it  'vhen  it  i-  on  your  toot  auil 
the  rnhhiiiu  Inially  eitts  ihrou.irh  the 
threails  ail'l  releases  the  tension  of  the 
tlireails  of  yarn.  si>  that  not  always  is 
as  nnieli  stuekiii;.;  lost  a*  the  ■•'r/v  of 
the  hole.  I'.ut,  if  you  were  to  look 
e:;refully  at  your  foot  .  .nl  iusiile  your 
siioe.  when  \ou  lirst  take  the  sto.-kinjj 
olT  and  sie  the  hole,  vou  wouM  tinil 
llttk'  partii-les  nf  \aru  all  ahont. 
Why   Do   Co-Its   Hive    Buttons   On    the 

Sleevps  ' 


ihe 

:,t    sie 


|it';:Ll!i.e    n: 
eves,  whieh 


serve  no  use 


ful 


ptir- 


piise  .It  all  aiiil  ilo  not  .nM  to  the  lieauty 
o!  the  eo.it.  is  ,-i  relie  of  ver\  oM  il.iys. 
Ihere  was  a  time  when  jieople  iliil 
1  ot  Use  h;inilkeivliiefs.  aiwl  it  was  eom- 
n'on  )ir,ietiei'  for  nun  to  wipe  their 
noses  on  their  sU-i-ves.  Tliev  lia'l  eoafs 
.ilso  in  those  ilays.  luu  they  iliil  nut 
h.ave  lititton-  i-i  the  sleeves.  I  Mie  of 
the  ol  1  kinijs  I'luiilly  ilexelojieil  the  iile.i 
of  ilres^intr  his  soMiers  in  f  nuy  uni- 
f(  rms  .aiiil.  ;is  he  s.at  iu  his  palaei-  an.l 
revieweil  his  troops,  he  notieeil  main 
if  tlieni  Usiiii;  the  -leeves  nf  their  eoats 
:.s  hanilkerehiefs,  lie  imnieili.iIeU  is- 
s;ieil  a  ileeree  tli.it  all  sK-i-ves  slmnM 
l;.i\e  a  row  of  huttoiis  sewel  on  them. 
hut  .at  a  point  ilireetlv  op]iosite  to 
\  here  they  are  now  mi  the  sK-eves. 
i  his  w;is  ilone  to  remiml  the  sol. hers 
that  the  sle'\es  nf  their  he.uuiful  uni- 
f.irnis  were  not  to  he  useil  as  h.aiiil- 
1  erehiefs.  an  1  tho-e  who  .a'  inpteil  to 
'!"aw  their  sleeves  in  front  of  llir  nose 
Were  i|uiekl\  reiniivleil  of  the  ileeree 
hy  the  hutlmis  whii-h  seniteheil  them. 
Ami  so  the  h'  'oiis  reallv  h.iil  a  ijuite 
I'seful  ])Ur]iose  at  one  time,  ,iml  mi  aKo 
.  11  sleeves  h.iil  huttons  seweil  on  to 
ihiiii  .It  this  pl.iee.  Later  on.  howe\ir. 
when  the  uusiu'htlv  imietiie  Ii.hI  heeii 
enreil  ami  pen;  le  h;icl  le.irneil  to  u-e 
!>;inilkerohiefs,  the  htittoiis  remaineil  .a-: 
,1  ileeonitioii.  hut  their  former  |iurpos.,> 
was  Inst  siyht  nf.  Ihen  s(,in,.  t.iilnr 
or  le.uler  tti  fashinii  hail  the  hutlniis  set 
I  n  tlie  umler  siile  of  the  sleeves  fnr  a 
eh.itiiie.  .ami  it  he.ame  the  f.ishinn  tn 
have  them  there,  .anil  the  t.iilors  h.ive 
I'lTii   sewini;  them  there  ever  sjiue. 

Whv  Has  a  In  p  Coat  Buttmis  on   ilic 
Back! 

The  huttons  on  the  h.aek  of  .i  loiii; 
enat.  i.  e..  one  with  skirts,  hail  .a  niori' 
s'lisihle  reason  orisiinallv.  .\t  mie  tituo 
the  skirts  of  sueli  eo.its  were  niaile 
verv  lonj;.  .aiiil  when  the  we.irer  inoveil 
ijuiekly  the  tails  nf  the  en.it  tlappeil 
.ihout  the  U'ljs  .ami  interfereil  with  prnij- 
la  ss.  .s^n  an  inj^'eninns  gentleman  Iwnl 
huttons  M'vve.l  on  ti  he  haek  ami  hut- 
totiholes  maile  in  the  .ortier  nf  his  enat- 
tails.  riuii  when  he  was  iu  ;i  Iiurrv 
he  -imply  hullntietl  tip  llis  skirls  .iSnl 
V  ent  his  vvav  enmfnrt.iMv. 


t 


! 


*^'-i^'l:ip  in    ailliac 


TF.I  rniONE    DISPLAY    UOARU 

II'C  anparatus  necc.s.irv  to  r  .r-pU-tc  the  .ir-Mr.t  kin-i  of  a  trlcphonc  call-to  a  number  in 
the  bumu  cxLhar 


The    Story    in    the    Telephone 


L 


Mi-<.  Miiiili.  at  '•Siib-onlKi-'-  Si.itiuu 
N(i.  I."  (li'-in'~  In  tilciihiiin-  I'l  Mr-^. 
lipiu-  ,il  ••Stil>-iiil>iTV  Slalicn  N"  -'" 
\\luii  -111.'  lill^  liiT  rivciviT.  llir  m..v^'- 
iiK'iit  i-au.-i.'>  a  li:iy  white  li^lu  i"  ap- 
piar  instantly  on  tin-  switihlMiai M  at 
tl.o  li-ntral  '<  >tt"ur.  Dinrily  lumatli 
this  hi;lit  i-  anotlu-r  and  laru^i'  laniji, 
uhich  kIows  i"  a  way  to  attratt  thr  uy- 
i  rater's  attintii"<  ininuihatily. 

Thi  upiTatur  in-i-rts  a  "l'''',!;"  '"  •' 
hnK  hiiK  un  the  switehhnard  eal!';l  a 
••jai-k."  ihreellv  ahiive  th<-  tiny  hi;ht 
wlncli  ainxai-ol  when  Mr-.  Smith 
hite'i  llu'  nvi-ivcr.  Tliis  oiiinivt->  her 
to  Mr,-.  Sntith'-  hue.  linn  she  pushes 
;i  h-teiiinj;  key  on  thr  hoard,  ronmvt- 
ir.j^'her  telejihone  set  to  the  line,  "Xinn- 
her.  iilea-e?"  she  calls. 

Mrs.  Smllh  jjives  the  muuher;  the 
operatf.r  repeats  it  to  he  sure  there  is 
no  mi-take,  plaees  'lotlur  •pln.i,'"  iu 
;i  "jaek"  eorrespiimlintr  to  the  nnmher 
of  Mrs.  (ones'  telephone  and  makes  the 
eoiHieetion. 

l-iaeh  suh-eriiitlVs  telejihi-Mie  ':.;  T: 
p.-irtirular  siLrn.il  on  the  switehhoard  to 


e  huh  It  i-eomnetid  h\  a  pair  m  wire-. 
Mr-,  .--ni;lh'-  wire-  run  iroin  lier  in- 
-Irunu  ill  \>i  llie  luarr-l  'e.J'le  ter- 
minal." a  <;atherin.i,'  liouit  for  llir  wire- 
nf    \arion-  telephone-   in   lu  r  nri^;iih' ir- 

1, 1.      1  Krr  the\    I'.-nn  p.irl  of  a  ,i,'niup 

n\  wire-  L;oini;  to  tlie  (  iiitral  <  Mliec, 
Mu-e  unuip-.  e.dled  eahlc-,  are  made 
cp  (if  from  50  111  (11  in  I'air-  nl  wire-,  ae- 
eoriiini;  lo  ihr  tclrphnne  tiied-  of  the 
lii-lnet    llie   ■■terminal"   -er\e<. 

Whin  ihr  wire-  reaeli  the  (  rtitral 
(  MVue  tlie\  pa-s  throui^h  the  "eaMr 
vault"  lo  ihi  ■■main  distrihntins^  tram.  ." 
\vlii.  ■  ■  ihi.-  t  rnlral  I  M'ti.-e  tirminal  of 
tilt      .!ile. 

rin  the  wires  eome  to  this  frame 
tliey  are  111  nmnhered  order  in  the  eahle 
Siili-i  rihi  r-  livini;  tie\l  dour  to  Mr-. 
Smith  m.i\  have  entirely  ditlrrint  eall 
in'.mlier-  and  \<i  n-e  eonseeutive  wirv'S. 
Il  is  llie  (i-k  of  \hc  main  frame  to  re- 
distrihnle  llu-r  win-,  -o  th.it  lliev  will 
he  arratiu'i'd  aeeordiiiu  tn  their  e.ill 
imml'cr-  and  to  make  it  iio--ihlr  to  con- 
.,,...(  \!..._  ^,,,;il,V  1;,,.,  V  ith  <h.r  litie 
r.f  anv  nlher  -nh-eriher  with   the  Last 


■'ifi 


rJ  i 


j 


('.() 


WHAT    HAI>I>I\S    WHIN    \\l      111  I  PMOM 


"luii  i/i];;t.il 
v'l-  to  tlu- 
t^  nniiiati' 
"niiilti|ik-  j 
v.itli  till-  1 
iiL'i.-krs,  wl 


n.l  il 


\>K1M.    (MR    A    M  MUKK 


fraiiK    1 


I'.;n.s;  the  "vertical  side"  and  ilie 


ia>    two 
hori- 


zontal -ide. 
<l-'>trihnted   tli 


I'efore  the  \vir.>  are  re- 


side" 111'  llii.-^  frame,  wires 
switelilioard.  where  they 
in  little  lioles  known  as 
.^k~.  1  iiey  also  connect 
ine  anil  position  nies-.a,i,'e 
hire  tlie  call<  from  each  line 
le  cal!^  handli,  d  at  each  ojieralnr's 
l>o>ition  at  the  >u  itclihoard  are  re- 
corded. The  ■■nuiltii)le  jacks"  are  ad- 
ditional terminals  placed  at  nece~-.ary 
intervals  tlironi^hout  the  switchhoani. 
•■. here  they  can  he  iisci.  Ii\  optrators  to 
niako  connections  v.  ith  anv  other  line 
"n  the  hoard. 

■  "vertic.d   sirle"  of   tlie   in- 
frame    .Mrs.    SmithV    wires 
line  and   cnt-olT   relav."  an 
controlled     -witch     which 
li.irht  sif^nal  tli.it  appears  im 
loard  when  slu-  lift-  the  re- 
tlie  hock.   This  "line  relay" 
ni-hes    the    li^jht    when    tlie 
d<e-  the  Ccmnection,  or  when 
return-  the  recei\er  to  the 


I'Voni  till 
It  rmediate 
re.ich   the  ' 
t  lectrically 
li:rn-  on  tjie 
the  -witchl 
cei\er  frmn 
also    extinu' 
operator  m 
.Mr-.  Smith 


e.|nipi.ei 


ire  tak 
with  d 


en   to  jiairs  ol 


Thi 


tectiiiL;    the    hue-   a^'ain-t    outsii 


nil  devices  tor  pro-      that 


wa<  set 


1. 


:an   the 


rent> 


.\fter  1 


ea\ini,'   tlie   main 


fr 


through  all 


are  taken  h<  the  "nrernieiliate  di-- 
trihiitnii;  frame."  the  central  coiinect- 
iiiy;  point    for  various  branches  of   the 


niiiie  they      im;  ;inil  pn 


ill 
'Mr 


one   <iTvii- 
-init 


ines  f,'oin,!. 


to   til' 


m 


itchhi 

ipp;iratii- 


ii.  sifjna; 
•"roni    tl 


le 


called   the 
on   the 
it    is    the 


-wit 


W  llellever 


ft  niovinir  electric  i-iirrt^m 
in  motion  when  .Mr-.  .Sniitli 
call,  in-tantaneouslv  passes 
these  devices  for  safe<;uard- 
ilectinj;  the  snhscrilier's  tele- 
e.  I  he  li^'ht  annoiincini,' 
-  cle-ire  to  ni.ike  a  c.ill  is 
line  lamp."  and  i-  Ha-hin;,' 
ilihoard.  Direcllv  heneath 
■pilot  lamp."  which  i^low; 
.'inv  "line  l;ini(i"  iii,dits. 
le  "line  lamp"  is  a  "jack" 
ermin.il.  where  connection 
1  he  ni.ide  with  Mrs 
.'^mitirs  line.  Thi-  i.  the 
"aii-weriin;   jack." 


WHAT   HAPPENS  WHLN   WT;   THLnPHONR 
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'  ''^  1-1 


iiir.  (  vm.r  vaiit 
iMo  Willi  11  nil 
(  Mil. IS  r\-.^  will  N 
teii:y  KMi  k  nil 
i.\ch\N(;k  \mi  yu"\i 

Willi  11        Till  V  M-l 

1.1.1)  I  I'U  \uu  \"  nil 
\1\1\  lIlSTKim  TIM. 
1  KAME 


ili' 


ilii' 


I 


f!it| 


ii;' 


will  II  llu  n|HT,Tliir  ^rr-  the  ll,l-1nn;4 
signal  III  \Ir-  Mnilli'-  "liiu-  l.iiiiii."  -lu 
iits(.-rt>  iiin.-  ciiil  III'  .1  I'.Tir  nl  '\-uiiin  itiiiL; 
conK,"  wliicli  air  uii  liu-  In'aiil  ln-lnri.' 
li(.T,  ill  llu-  "aii-wiTiiii;  j.irl»"  I'ur  .Mr-. 
Sniitli'-'  linr  I  lu-r  ".  miiuitinL;  coriN" 
arc  tlcNililr  ciiiiihicliir--  lli.it  ]'iil  llu' 
\' irr-  Ml  -iili-i  rilii  r-  in  rlnlrir.il  rmi- 
lU'lMloll.        1  luTI    >llr   ]iU-llr-    tiilW.lT.l    tlu' 

"('pcraliir's  key"  dircctls  in  iiiiiii  nt  !ut 
and  is  i-iuiii' rti  d  with  Mr-,  ."-inilli's 
lini-. 

Tlif  o|K'rator  a-iXTt:iin-  tin-  luiiulirr 
w.iiiltd  and  jilaci's  the  ullur  "I'lHiiutl- 
iii.t;  rord"  in  tin-  "jack"  ciirrcs|ii)iidintj 
l(,  Mr>.  Jdiu-'  line  Ff  she  I'mds  she 
cannot  herself  coniint  \\.  it  li  Mi-,  j.'iu-' 
■■jack."  liecaii-e  it  i-  ' 'n  ,in..ilici  ji.irl  nl 
tin-  iiii.llil  I  ill!  I  il"  111  r  ri  :u-|l.  -lie  lll.lkr- 
,1  connect  i I  HI  w  illi  .innllicr  iiper.itiir  u  ho 
can  rc.uh  Mr-.  Ion,-' hue.      Tlie -econd 


with    Mrs.    joius'   "nuiltijile  jack"  and 
places  her  line  in  eoiiiiection  with  Mrs. 


Smith'-  line  at  the  I'lr-t  opi'rator'-  po- 
-itiiin.  .\t  ;hc  -aiiic  time  the  tir-t  op- 
cialnr  ]iii-lu-  the  iiper.ilnr'-  key  hack, 
iliu-   rinuMii,'    Mr-     Imu'- '  In  il. 

"Supi  r\  i-iii\  l.iiiip-"  on  the  hoard 
hcfnre  I  •  r.  ciinnccted  with  the  "con- 
iMcliiiL;  c.ird-."  tell  the  operator  when 
\lrs.  June:-  an-^',er-  the  -iiinnion-. 
i  lie\-  tl.i-h  w'leii  the  i  i  innectn  m  is 
made  and  one  L;oe-  onl  iii-t  .i-  -oon 
a-  .Ml-  ioiic-  take-  the  recei\er 
irmn  llu-  Imik  to  ,iii-uer.  It  one 
of  till -e  lain]i-  ll.i-hc-  .iin!  die-  mt 
;ille'iiale!\  it  tells  the  operatoi  th.it 
(ither  Nil-,  Siiiith  or  Mr-,  limes 
is  trvitiLT  to  .ittr.Ti  !  lur  atti'iitioii  .md 
-he  connect-  licr-elf  and  ascertains  the 
|,i!l\'-  wi-ih-  When  hiith  -nhscrilieis 
'h.iii-  lip."  hiith  h-ht-  l!;i-h  to  in.licate 
the  end  of  the  ci  in\  er-.itii.n.  i  lu  op- 
1  rator  then  discotniect-  the  cord-  from 
;!..  -i;K-,-rihvrs'  "j-.-ks"  litv!  ;^r.=-.;-  ;!.;• 
"niessapc  register"  hnttoii  recording 
the  call  against  Mrs.  Siiiitii. 


«)S 


ROl  TIM;   or   A   Tri.ri'HONR   CALL 


l;    ;!;■    i;;   tin    «lirrcttiry  1  i  .  iu,a<  <;    ilir    iiyhi     i^    ,'      ipiM-.trs    on 

■-    -        liii      trli|.!i-n«-     i.tT     the  til.         .-,; I  .nil     "|n-i;ttt'r      ,,i'!      i'lumt     ;i 

h»"ik.     i\lui  ii    »..iiisi!»    .1    iiiiv    fleet  riv-    IikIiI    to    rIow  talliT    with    .iny    sults^  tiIkt    in    tli.it    f\»  liaiiKc    hul 

ill    frmit    'if    thf    npt'rator    assitinv"!    in    answer    his  she    is    iis*\Rnv']     In    .n->tr.-'     thi-    call"*    »i     only    a 

calls,      ( In    snitu-    fvcliamits    i'.|iniiiictl    with    a    nia«-  liinitt-il     umntur    >•{    •-■i'  -  i  il..  i  -     ,'  li  ■-.     -icn.iK    are 

i,rt.>    '.v-t-'iii,    .1     .Ir.-p    IV     n  Iiviw^-.l     liy    t!u-    turninij  tlicsc    linlii-    -!;i'V.iMi.:  ■■■■~itr'n. 

oi    a     ct.iiiK.  j 


■^'ii-     l,r  ■  •-     Ml-     a     l.r.i-- .|i;i      :     ■     :  !,     iv--'  itv     the 
tlj..      ,iT       "j.IuK."      llito      till       ll-;.  .        .1       "miU."       lUSl 

al"*vi-     the     IiKht-     ^t     the     same     tune     thriiwiiiK     a 
ki  V    with    llie    'tthcr    haiul    in    iin!«. .    to    swilih    her 

f..',v!i  ■'■'  :        '"  .         iM    .       .]■•.  >I       ,  ..MiMi;niu..ti,,ri       uitli 


l  he  caltir  u|iiii'i  iiy  niNinii  the  iKinie  of  the 
(■xrliaUKe  ;unl  th»  luniilMr  hi'  ^atii-i.  a^^  for  ex- 
aniiile,  "Main  i.'iK."  The  t'perat<'r  ri'i»rals  the 
mnnher.  "<  *ne-twi>-six-eiEht.*'  pnnintnuinK  each 
'hk'it      with      i-lrar      :?rtt<-M!:iti<'n.      f-t     iT-xfirc      tt«i     cnr- 


Takes    nil    the    conl    whirh    i*    the    team    mate, 

r    "p3:r."      t    the    ..nc    w.xV.    v.  Y.'~h    ^Y,c    answcrcj 
the    caller.    I",  ate*    the    ta>  U    fininherer!    i  j*-H.    and 


Pushes  tn  the  iiUiti  and  with  her  father  han.I 
lit  i.iii  ■.  .1  k<  >  .-11  ih'-  lit-'-:  Trie  t'trot  action 
'niiect*.     the     line     of    the     v  J  s,  *-i|,pr     eallfil.     the 


"trsts"    the    line    hy    tapi-intt    trie    tip    .if    the    i.Iug        iecnri-i    rinKs    his    hell        When  .er    partv    hanu- 

i->r    n     TTi'^ntrt.t     ^n    the     vl,cy<-     <f^    thr    "jack"    to        up    his    receiver,    a    liRhi    kIhws    oi.    Lhe    Hwitchhuar. 


i 


ilitk 


Icsk.    sliDuiiiu    iIk'    i.|ii'ra-,iir    lliat    the    convctsalinn 
Is    tluUd. 


I 


I  hi;  clmraj.  tiirminal  oi    \()LR  teliiphone  i>\> 


THi;    MIN    WHO    MADI     lUi:    I  LLHI>H()M1 


1  ;i.U..LAll.   ..1    TIIL   TLLl  PlliiNL.    lOl)    HURT 
>rKtKT,  Bi>>Ii)N 

On  the    ,.i|>  floor  of  this  buiMliiR.  in  iSyj.  pr..f.  Bell 
carnt-cl  on  his  cxpcnmrnts  ai..!  first  s^imtiit-j  m 
tr.insmitTirM  spctth  by  t-U-ctriuty  ' 

How  the  Teleplioae  Caiiu-  to  Be. 

It  if,  hard  in  whH/a'  thai  tlicn'  was 
niKc  a  tiiiu',  nut  ..II  MT\  main  vrar> 
n^o.  wlu-ii  tlu-  tcl-].h(Mn.''wa^  ri'i,'ar(lf(l 
a«  a  sciiiitilio  tii\  and  liarcllv  aiivmu' 
luuld   L'c    hjiiiid    willing   to   invot   any 


ii;inn.>  m  the  di.'\  1.I' ipnuni  nl'  i:.i'  tclc- 
I  horn-  liiisinrss. 

I  111-  -.iiity  oi  ridii-Mpr  AlixandiT 
(iraliaiii  I'.illV  woiidorfiil  invfiitinn  i> 
full  of  riinianiii-  inii'ri>t  ami  the  early 
da\-.  <if  its  ix])l()itatir)n  were  rephti- 
u  ith  dranialio   iiiridtiil^. 

Vutms,'  Itell  lia(|  Clinic  U>  America  111 
li<~o  in  search  i<\  liealtli.  the  faiiiil) 
setlliiit,'  at  r.ranlford.  I'anada.  He 
nnnihered  aiiunii,'  his  inrehears  iiianv 
di>tiii!,'iiislietl  prufessjonal  men.  I'or 
three  j^eneratimis  the  i'.ells  had  tani;ht 
tlie  laws  of  sjioeeh  in  the  iiniversitir-- 
o'  I".iliiil)lirj;li,  Dulitin  and  London.  I  Ir 
himself  vas  an  ae'-oin|ilis|icd  eloention- 
ist  and  an  exjieri  in  vocal  pliN  sioIoi,'v. 

Mnrini;  ihe  _\e;ir  -iieiit   in   t  .inad.'i   in 


'^:4 


]■■     lS-(, 


regaiiiiiii,'  his  !:eaUh.  l.ell  tauyht  his 
father's  method  of  Nisilde  s|Kx-ch  to  a 
liilie  of  .Moh.iuk  hiiliaiis  and  hetjaii 
10  iliiiik  ahnni  the  ■"harmonic  telc- 
j;ra|ili.'" 

In  iS-i  \(nnii:  \li\;,nder  I'.ill  ac- 
ce|iled  ail  offer  fimn  llie  lioston  Hoard 
of  l-.dnialion  to  teach  the  "visiMc 
s|ieecir'  iiielhod  in  a  school  for  deaf 
nmtes  in  that  city. 

lor  two  years  he  devoted  himself  to 
ilir  wi.rk  with  (.;reat  success.  He  was 
ai'|ioiiited  ;i  jirofessor  in  the  liuslon 
rniversity  and  opened  a  school  of 
"\ocal  I'insiol  .iry"  which  u.is  .(t  onco 
successful. 

I  Ir  iiii-lil  h;i\  e  mnliniled  hi~  c.irii  r 
a      ■!    ir.u  li,  r   ii;,d    li    |„,|    liri'ii    i|i:,t    hi- 
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TK"!     nit.i,  s  vinR\Ti\i,  mil) 


.11  liM-  lirniii  -till  cliiiii;  to  tlio  "liarniiiiiic 
irlcyraj.li"  idea  ami  111-  iiivctilivc  i^i'iiins 
■^i  inaniii'd  an  otitkl. 

So  wo  liiid  liiin  in  iS^j  \\l.I■kiI|^  cmt 
i  i-  nloa  of  tlif  ■■haniionu-  tiK  i;i-a|)li," 
llir  )irrl\\-|i..n  111'  wlihli  nuaiil  a  lipr- 
l.wir  t(]  ill.-  yiiniiL;  iiiMnlnr.  That  lir 
iH\rr  rcali/rd  lii^  j^ual  ua.>  illK'  lu  lla- 
lact  tlial  uliili-  rx|icriinciilinji,  lu'  iiiailo 
a  diMdviT)-  uliii-li  l(.-d  to  a  far  .^rcati-r 
iiuiiitiiMi  and  nm-  that  was  fraii.s^dit 
with  nidiT  ln'ndil  lo  mankind  than  the 
■■li-irni"ni.-  ti'li'firapli"  ouild  over  have 
Ih  in 

It  \\a~  whilo  W'rkini;  witli  lii-  faitli- 
Mil  man  1  rida\,  llmnias  \.  Watxin.  in 
!hc  dini;\  link'  udrkriKims  on  t'diirt 
Mrool.  r.c'-tnii.  ih.it  lull  i;ot  tin-  insjiira- 
t'l'n  wliuli  niado  linn  Inrn  from  tlio 
"li  irniiPiiic  toU'.i;ra]ih"  to  dovolo  liini- 
~i  li  bi  iho  in\onlion  \\ln\-|i  \\a-  do^inu-d 
n>  mako  hi-  nanu-  famous  llu-  -]i.-ak- 
nic  tiKiihoiu- 

\li-.  \\  il-nn  |i.i>  dranialirallv  clo- 
srrilii  d    llir    111.  hlrnl    a-    fnlkiw  -  ; 

"I  hi   the   al'lorih'un   nf   juiir   _>,    iS;;.       ihrn 
\M    wm    Ir  rd  al   work  on  llu-  -aim-  nld       lanl 


tlio  othor,  whilo  lUII  «a-  rotnnin.i;  the 
rofoiver  S]irin!,'>  ono  liv  one,  pro-sini; 
lluiii  a,i;ain-l  hi-  ear  a-  I  lia\r  de- 
-'■nhnl.  (  iiie  of  the  transmitter  spring's 
I  >•.  aiundini,'  to  sloi)]ie(l  vihralinfj 
and  I  phtvkod  it  to  start  it  attain.  It 
didn't  start  and  I  ke]it  on  phu-kini;  it. 
w  lirii  snddcniy  I  hoard  a  -hont  from 
I'ioll  in  llio  iir\t  roijiii.  and  ilu-ii  unt  ho 
i.anio  Willi  a  rn-h,  lioniandint,',  'What 
did  \on  do  ihon'  I  Joii'l  ohain,'o  an\- 
ll.iii,^.  1. 01  me  -00 1'  I  -linwod  him.  It 
wa-  \or_\  -implo.  The  make-and  hro  ik 
I'oints  of  the  transmitter  -priiii;  1  was 
t'\iii),'  to  start  had  hoeonio  welded  to- 
.Uotlier.  so  that  whoii  i  -napped  tlu- 
sjirmi;  the  i  ironit  had  romainod  nn- 
loiikni  while  that  strip  of  majjnetized 
-toil  h\  it-  vihration  over  the  polo  nf 
it-  maL;nol.  \sas  .i^enoratin.sj;  that  niarvol- 
oii-  oc  iiu-o]ili(iii  (if  I'.oll'-  a  oiirront  ni 
ilooti-!oil\  that  varied  in  iiitonsit\-  pre- 
oi-ol\  1-  the  air  was  varyin.t;  in  (jen-ity 
w'tliin  hoaiiiiL;  distance  of  that  sprini;. 
I  hat    nndnlator\-    eiirrent    had    pas-od 


tl 


lo  oiinneotMit;  w  iro  to  the  dis 


ImI).    te-I 


reoo!\  or  w  hiidi.   tnrtniialoh  , 


m-lrmnont-. 


mi;    some    niodilioation    i.t    the       nuohain-Mi    that    o(ir1  I    tran-fi.nn    tli,,t 


Ih 


dl\ 


'lit 


into    an    oxtromeU     taint 


it   tnne  that   aftinmi.ii   in   that   hot   -ar        leho    >,\     th 

ret,    11, .t    ,,iilv    tin.    instniments.    |,„t.    I       ..prmy  that   h.ad  .i,'onorated"  it.  I'.ut   \vlia"l 


mild    (jt     th 


0      VI 


hrati 


;-iasni  and  ni\-  ii  iinr,  i , 


tliMimh    |:,ll    wa-   a-    on.Ti;o;ir   a-   ever.       Iiad   tlial    nioihaiii-iii   a!    hi-   oar".! 


I     had    oh  at 

li-nal.  -oltini;   tlu  111   -  'iioaliitL;   one  after 


wa-  -nil  more  tortnnate.  the  ri^lit  man 

nriiii: 


•I     the    tran-iiiiller-.    as       that      tlootini,'     moment,     and     insl.antl 

,mi/od  the  traiisoondoni  miportano 


\\U\I    TMI     IIRSI    nil  l>M()\r    lOOMI)    MM 


MIWMIIK    i.RMH.M    Illll.'>    lIR^r    Tl  I  I  PH"M 


'  !'  lli.it  I'.init  -(Hiii'l  \h\\<  lUrtrii-aliy 
ir.ni^iiiitli-i|.  Ilic  -liDiii  I  heard  and 
his  I'xoiii'il  ni>h  iiitn  my  roniii  uctc  tho 
ri>iilt  (if  that  riiin,Miii:..ii.  \'\\c  spcak- 
ini;  ti'k|ihiiiu'  was  hcirn  al  that  iiiimuiit. 
\W\\  Istnw  inTi'irtly  wi'll  that  the  iiii'idi- 
aiiisin  that  could  iraustiiit  all  tlir  <.-i)in- 
I'li'X  viliraticms  rit  niu-  siimid  (.•(illld  do 
till'  sailU'  Inr  any  smtiid.  cvon  that  ni 
siH'ivli.  'I'liat  i'X|icriim'm  shuwcd  liim 
that  till-  i-(iiii|pk'\  a|)]iaratiis  Ik  had 
thmiuht  would  he  iu'i'<!i-d  u-  accoiiii'Iisli 
that  loiii,'-dri-aiiird  rosiilt  was  not  at  all 
mvi'ssary,  for  lure  was  an  extrti,"")v 
-iinpK'  imvhani'tn  o|n-ratin;;  in  a  |ht- 
fci'ily  ol)vious  \\a\.  that  could  do  it 
pt  rfcctl) .  All  the  i\]KTiinciUitn;  that 
follducil  that  di-covcry,  up  to  the  time 
the  telephone  wa- put  into  practical  ii^e. 
uas  laru'ely  a  matter  of  working;  out 
the  details.  \\i-  -'lent  a  fi-w  hours 
verifyiiif;  the  uisiovcry,  rcpeatini;  it 
uith  all  the  ditterently  tuned  spriiij,'s 
we  had.aiMl  liefore  we  i>arted  that  nitrht 
Pell  j^'avi'  me  direction-,  fcir  niakini;  tin 
lirst  electric  speaking  teleiihone.  1  was 
to  mount  a  -ma!'  drumhead  of  j^old 
hiater's  -kin  over  'ine  of  the  receivers, 
ioin  the  center  of  the  drumhead  to  the 
tree  end  iif  the  receiving,'  sprinj;  and 
airantre  a  m>  '  itiiicce  over  the  driim- 
htadtotalk  into.  His  idea  was  to  force 
the  -teel  s|irin!,'  to  follow  the  vocal  ci"^ 
i  ••ations  and  generate  a  current  of  elec- 
tricity that  would  vary  in  intensitv  as 
da-  air  varie-  in  den-ity  duriiij;  tiie  ut- 
terance of  speech  sounds  |  follnwcd 
tlie<e  <hrectioiis  and  had  the  instrument 


ru-lleil  it.  for  r.ell'-.  escilement 
enthusiasm  o\er  the  di.-io\erv 
aroused  mitu'  a.s,';iin.  which  h.id 
sadly  dampene<l  diirint,'  those  l.i-t 
weeks  hy  the  me.ii,'re  rc-ult-  of 
harmonic  experiments.  I  in.ide  i 
p.irt  of  that  lirst  telephone  myself 
I  didn't  realize  while  !  was  workin 
it  wh.it  ;i  trnnendouslv  im]iort.ini  i 
oi   work   I   \va-  doiny. 


ami 

ii.id 
lieeii 

few 

tho 

verv 

.  I.nt 

U'  on 

liece 


.,,1. 


V(T\-  n.  \t 


r 


The    First    Telephone    Line. 

"Th.-  two  rooms  in  the  .attic  were 
t(po  ne.ir  to;.;elher  for  the  te-t.  ;i-  i>ur 
\oues  would  he  lle.ird  tlinnitjh  the  air. 
-i  I  r.in  ,a  wire  especi.ally  for  the  tri.d 
fiiiin  one  of  the  room-  in  the  .attic  down 
two  tlii^ht-  to  the  third  (loor  when' 
W'illi.ams'  m.iMi  -hop  w.i-,  endiii};  it 
ne.ar  my  work  hetich  at  the  hack  of  the 
huilditt!,'.  'rh.at  w.-is  the  tir-t  telephone 
line.  \in\  cm  well  imai^ine  th.it  hoth 
our  hearts  wa-re  heatitit;  ,ilio\e  the  i\or- 
u:.il  rate  while  we  were  i^'i'ttiiti;  ready 
lor  the  tri.il  of  the  luwv  instrumi'ut  th.it 
evem'u};.  I  iiot  more  satisf.iclion  from 
the  experiment  lli.in  .Mr.  I'.ell  did.  loi 
-hout  my  he-t  I  could  not  make  him 
lie.ir  me.  Iitit  I  could  hear  hi-  voice  and 
;dmo-t  catch  the  wonl-.  I  ritsjied  np- 
-I.iirs  and  tohi  him  what  I  had  heanl. 
It  was  enoiij.'li  to  show  him  that  he  was 
on  the  rijr]it  track,  and  hefore  he  left 
that  iiiijht  he  tjave  me  direction-  inv 
several  improvement-  in  the  telejihom- 
1  was  lo  iiave  re.iiiv    for  the  iu\l  trial    " 

Then  f<. Mowed  many  heart  lire.ikinjT 
months  of  experimentitnj  ;ittd  it  was 
;''it   until  till-  followint,'  M;irc!i  thnt  th^ 


I 


HOW  AN    l-MPHROR   SAVED  THE   TELEPHONE 
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BELL  TELEPHONE 


TFIFPIMNi;     \l'l'\KAri>.    l'ATl.\TI-l)    1  n:     iSjd    liv  I'KOF.    lU  I  1„    IMKiToi  .H  M'llKI)    FKdU    Till     ORK.INAI. 
IXSTRVUKSTS    IN    THK    I'ATENT    UHKL    AT    WASIIlN(,TilS 

t(U'i.liniio  was  atilf  to  tran-mit  a  com-  j-tli.      I    was    an    iml^nnwii    man    and 

I'Utr,  uiulli.i;il)le  ^cnti'itcf.  lnokci!  ardnn'l  u|">n  llu-  ri.-K-l>riti(.'s  who 

<  Ml     l-i-liruary     14.     iS^d.     lYol'ussor  wcrr   iiiili;r>  tlurr.  ami  tmttcd  around 

lidl   tilrd   at    \\'a-liiiii;toii    Iiis    a]i|ilK-a-  afur  tlir  judi^is  at  the  exhibition  while 

tidn  for  i^ali  iu>  cmerinj,'  the  teli|ili(iiie  lhr\  t  xamiiu'd  thi>  exliihit  and  that  ex- 

wiiiih  he  de-erihed  as  "an  imiiroMnuiit  liihil.      .My   exliihit  came  la^t.      I'.etote 

in  telej;rai)hy"  and  on  March  .^  of  the  they  •,'ot  t'o  that  it  was  announced  that 

s:ime  year,  the  j>atent  w.i.  alh>wcd.  the  jndijes  were  too  tired  to  make  any 

That  was  the  year  of  the  (  cnteiinial  further  examinations  that  dav  ami  tiiat 

1  xjiosition    at    riiiladelphia    aiiil    I'ro-  \\:c  exliihit  could  lie  examined  another 

ic-sor  Hell  had  a  workiiu'  model  of  the  day.      Th.it    meant    th.it    the    telephone 

iclephone  on  rxhihition.    'I'tukcd  away  W'^uld  ivt  he  seen,  fur  I  was  not  ,1,'1'inij 

m    an   ch-cnre  cca-ner   it   had   attracted  lo  cuiiie  hack  aii.ah'r  da\-.     I   \\:i^  i;o- 

hut   lilllc  alteiititiii,  until  on   June  J^th  inj,'  rit,'ht  hack  to  I'.o^ton. 

:'V   incident  _oceurre.l   whi.li   h,,d  a   tre-  ".\nd   that    was   the   w.iv   tlie   matter 

iiandous    elVeet    in    ;^i\in'4    to    the    new  stooil— when    --iiddriile    thiie    was    (ine 

invention   jn-t   the   >"n   of   juililicity   it  man  amor<j  the  ju(ly;es   who  h.ipiiciied 

needed.  to   renu'iuher   me   hv   .■-i:^lit.      '1  liat    was 

rrofc^~..r  T.i  il  him-elf  de-crihcs  the  no  Ic-s  a  p'r-.m  th.iii  111^  Majr-ty   ll..ni 

i'l'ideii!     in     tic     foIlouin.L,'     interi--tinj,'  I'edro,  the    liii].eror(.f    l;ra/.il.      I   li.i.l 

"'■"i">i':  ^l;o\\n  him  v  hat  \\i-  had  iicen  doiii;,'  in 

"■Mr.    liiihl.;ird    .and    Mr.    S.aniitleis,  tcachin^r  .,],(., .^i,  (,,  ,!n.  ,i^,.,f  ;,,   l;,,-i,,n, 

who   were   liiiaiictall\-   interc-tcd    ill   the  had     t.ikcn     him     aroniiil     lo    tlie     (  ilv 

tclci.hon.-,    wanted    thi-    in-tniment    to  .'^choiil    for   the    Deaf   and    shown    him 

h(    e.xhihitid  at  the  (  cntemiial   h'.xhihi-  the  means  of  teaching,' si)eech,  and  when 

tion.      In   lii..-e  d.i\--anil    1   must  say  he   saw    me   there   he    rememhered    nie 

e\eii  lip  t(i  tin   la-e-eiit  iime  I  am  afraid  and   came   oxar  and   sliook   hands   and 

tc.  s,iy  it  i-  Inie  -1  w.is  not  v<Ty  much  -.lid:  '.Mr.  Hell, how  are  the  deaf  mute.- 

,ali\e  to  cuiiimercial  matters,  not  heinq'  of    l',o-.toii  ?'      I    said    thev    were    vcrv 

a  hn^incss  man  myself.     I  hail  a  school  veil  and  told  him  that  the  next  exhihi't 

for  vocal  ]iliy>-ioloi,'y  in  Hoston.     I  wa.s  ci,  the  pr.ii,'ram  was  my  oxhiliii.    'Come 

r'L'ht  ill  tlic  mi. Kl  of  examinations.  alone;,'   !,c   s;ii,P    .-m,!   lie   1...,!,;    n.v   .irm 

md.     of 


'I      wint     down      to      Philadelphia,      and     walked    off     with     11 


course,  where  an  [■.mi 


growlniL;  all  the  lime  at   llii~   interrup- 
tion to  m\- pn  .fessional  wurk.  and  I  ap-      the   other    jiidire^    folk 
jieared  in    I 'hiladelphia  on  Sunday,  the      telephone  exliihit  was  .- 


1  th 


cror  led  tlic  wav 
.      And   the 
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r- 


% 
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TIIF    HK-T    ri  Ll.l'lluNfc   .iWmimuAKU   LstU.      tIGIIT  SI  USCKUllRS. 


An  Emperor  Wonders. 

"Will,  I  i:iimi)t  till  viTv  imu'Ii  about 
tliat  vxliibit.  altlunl};li  it  \va>  tiic  jiivotal 
point  on  wliii'li  the  whole  tikphoiiL* 
tiirnt.ll  in  thuM'  ilavs.  it  1  had  not  had 
that  i'.\liiliition  tluTc  it  is  vi-ry  douhtful 
what  the  iiinditioii  of  the  t«.'K|ilionc 
would  he  today.  I'.ut  the  l",in|)er<ir  of 
I'razil  was  the  tirst  one  to  liriut;  that 
situation  about  at  thai  time,  i  went  ol'f 
to  my  iraiisinitiini;  in^tnuneiit  in  an- 
ollur  ]iart  of  the  biiildini,'.  ami  a  little 
iron  box  receiver  was  ])laeed  at  the  ear 
(>f  the  I'.niperor.  I  tol.l  him  to  hold  it 
to  his  ear,  and  tlun  1  heard  afterward 
what  lia|ipe!ieil.  I  was  not  )ire»eiit  at 
that  eml  of  the  line.  I  wfiit  to  the 
other  end  and  was  reeitin;,',  ■'I'd  be  or 
not  to  be,  that  i>  the  >|uestion.'  and  so 
on,  keepini;  u|i  a  contitnious  talk." 

"1  he.inl  aflerw.ird  from  niv  friend, 
^!r.  \\illi;im  Hubbard,  that  the  1  .m- 
peror  bild  it  n]i  in  a  very  indifferent 
way  to  his  ear,  aixl  then  suddeidy 
started  and  said,  "My  ( iod  !  it  s]ieaks!' 
.Nnd  he  jiut  it  down;  and  then  Sir 
\\  illi.im  Thomson  took  it  up  and  one 
after  another  in  the  crowd  took  it  up 
ami  li-.tened.  I  w.is  in  another  ]iart 
"f  the  ImildiuL'  shoutini.'  awav  to  th.o 
membrane  telephone  that  was  ttie  trans- 
mitter. Su.dilenly  I  he.ird  .'i  noise  of 
Jienple  stampintr  -'dontj  verv  heavilv. 
npprnaehinfj,  and  there  was  Don;  I'n'ro. 


rnshinj,'  alonj,'  at  a  very  un-I"niperor- 
like  K^iit.  followed  by  ."sir  Willian 
I  homson  .md  .i  numl)er  (»f  others,  to 
ste  wiiat  1  was  <loinj;  at  the  other  eld. 
Tiiey  were  very  mueh  intert--ted.  i'ut 
I  hail  to  },'o  back  to  I'.o'-ton  and  eoukln't 
wait  any  lo!ij,'er.  1  went  that  very 
nifjlit. 

"\ow,  it  so  hajipened  then',  that,  al- 
though the  judj;es  had  heard  speech 
emitted  by  tlie  steel  '\\^>.-  armature  of 
this  receivinj;  iuslnunent,  tliey  were  not 
(juite  convinced  that  it  was  electrically 
liroducdl.  ."some  <'nt'  had  whispered  a 
■■nspicion  that  it  wa^  -imply  the  c.i-e  of 
the  tiiread  tele,u'rai>ii.  tlie  1. iver-'  tele- 
graph, .IS  it  was  known  in  tho-e  days, 
;  n<l  tii.it  the  sound  had  been  mechaui- 
c.Uy  transmitted  alonjj  the  line  from 
ot.e  instnnnent  to  the  other.  <  If  coiir-c, 
I  di(l  not  know  ;iI>out  it  at  that  time; 
i  ut  when  the  judges  askecl  permi-siou 
to  remove  the  aii|i;iratus  from  lliat  lo- 
cation 1  s.iid,  ■(  ertainlv,  do  anvthins; 
you  like  with  it."  i'.ut  I  could  not  re- 
main to  look  after  it  :  ttiey  h.iil  to  look 
after  it  thetnselves. 

".My  friend,  .Mr.  \Vi!li;mi  Hubbard, 
who  h.id  kindlv  come  up  from  I'.o^ton 
to  hel!>  me  nn  thi^  ee!ibr.!ted  ."sunday. 
June  -'5,  s.iid  he  wouM  do  liis  best  to 
help  them  nut,  altiiouijh  he  w;is  not  an 
electrician.  lie  knew  ii"tliinir  whatever 
;.b'int    till     .ipp.ir.itu-,    bt  yond    In  ini;    in 


mm;    Mil  I  ion     II  I.I  I'llOM  S    IN    i 


II  y  laiiiir;itMry  rH\.i«i'iti.ill>  .kii' w  i:  _  ii  . 
"  i-il.  I'.iit  111-  iiiiilrrtiMils  In  riiniivc  this 
•  piiar.itii-  anil  »ii  u|'  tin-  liiii'  iimUr  tlio 
(linrtiuii  nt  tlu-  jni|';i'N  tlu-nist'lvt-s.  So 
llifV  liail  an  o|i|i<irtiiiiity  finally  of  sali-^- 
lyinj;  tiifnisflvi^  iliat  >|Kriii  IiaM  ri-ally 
liirii  fii'iirifally  ri'pniilufi'il. 

"Sir  William  riiDiiiMin's  ann'Uinoo- 
nu'ui  wa-i  Hi  ',•  tn  tlu  worM  in  l-'.nj;- 
hind.  liii'iiri  ill'  Hriti'l)  A -Micialion. 
ami  llif  WMilil  lu-lii-\i'i|  ami  irnin  that 
tinir  ilal«-i   tlu'  |>i>|<iilar  i-iivrc»t   in   the 

It  llpllnlu-." 

In  I  KtolKT.  if<7''.  tlir  lir-t  <>iitil<ii.r 
iliii.iinstratiiin.  in  which  ('i>iui'r>ati<)n 
w  .IS  i-irrifil  on  nvt-r  a  prixati-  tilfgraph 
wire.  Imrrnwiil  for  tlu'  m-casioM.  look 
I'Ini-i'  liiiutiMi  llosioii  ami  lanihridiir. 
a  cli-laiuc  of  two  inili-^. 

In    .Xpril.    1S77,    tlu-    lir-i    ti-U-|.honc 


;  1 :.;iii       !.;  tui'iii    r.ii  ;.;',!   ,1,.  ! 

."^'iim-rMllo. 

.\  month  later  an  i-nti-rpri-inn  I!os- 
I'-ii  man  put  tip  a  inuU-  swit.hlMtanl  in 
t  is  f>nii-»-  aii'l  i-oiitii-i-ti-i|  ti|i  I'm-  hanks, 
i-sinjT  till'  system  for  ti-lephoniti;;  in 
ihe  daytime  ami  as  a  proteiiion  a),'ain-.t 
hi'.rj;lars  at  ni;^ht.  This  wa-  th.-  Iie- 
t,'inninu  of  the  i-\i-han;;e  -vstem.  all 
pre\  ions  lelephonin;;  havini;;  lieen  he- 
t\.  eetl  two  |>artie»  >  11  the  same  eirenit. 

Soon  alter  exrhaiiyes  spranj;  up  in 
-iveral  fitie*.  anil  hy  Xnnii  ;  of  that 
yiar  there  were  77S  I'.ell  telephone-  in 
!i»e.  l-r^m  this  modest  l>e^;iniiin,i,'  the 
telephone  has  j^rowit  until  on  lamtary 
I.  I'd  t.  there  were  I.^5<)<).<<m)  tele 
piioties  in  the  world,  nt-arly  >».(>rH).ofK(. 
i>r  over  '>4  per  eent  !  eitij,'  in  the  I  ilited 
States. 


M'lUKKV    nl-iTRinrTIM',    FR.\Mr 

\\  ill  II  llu-  \vin->  i.inii-  to  this 
ir.inu  ihiy  :iri'  in  nimilitrril  unlir 
111  llu-  lalik'.  Iho  main  Iranit-  rt- 
li-IrilitiU-  tlu-N»-  wires  s<>  thai 
ihev  an-  arranci-d  ariiirdinc  li> 
iluirtall  numlicr-*.  makini;  il  |iii> 
-ililo  111  innm-il  any  wire  with 
my  dtln-r  win-  anywiu-rc  thai 
tell  phi  mi-  st-n  ill-  is  iIl^talll'li 


1 
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HOW     nil.    WlkIS    \U\.    I'l   I     I  NDI  l^dl^OlM) 


I'.r.  akirv;    I   ['    !lii-     \~i>h  ill    I'  i\'  '",  ■  !        i  it 
Step  in   I.ayinR  an   I'liikTurmiiiil  CaliU'. 


W  hull  tin-  t  .ililis  W  ill  Kiiii. 


1 

'■M||l 

1 

'\^^^f  Mt  £y*^^^^^^K'  ■ 

ft 

^^^^^^Kvi  i^^^^B 

— 1 

H  aai  ^^^^^^BB^^^9 

31^^^^- 

F<..|iiij;  I.  :ili',i  !nt"  VtwiX  a-  It  i«  Rcinj. 
T'ullpf!  Through  Subway  from  the  Other 
End. 


A    c  Mil  I      I  k'll  ULL 


I  NSI  I  N    lOI^CIS    lUMIM)    Win     IIII.IMlUNn 


Till   H^i'  1(1  iIh-  irUiiliiiiic  Mi^ininuiil  i<  i*oniiiii)!i.  hut  it  alTords  no  iilca  of  ilic- 
niaKiiitiiiU'  of  tlir  nu'i-lianii-al  fi|iiiiiim'iii  liy  wliiilt  it  i«.  iiiali'  i  rit'cti\i'. 

I'd  yivr  Mill  v,iiiu'  i'((iK'i']>tii)ii  of  till'  jjri'ai  luiiiiliiT  of  |iir~iiii-  ami  the  iiior 
iiK'ii^   i|iiaiiii!\    111    iii:il<'rial>    rvi|iiiri-'l    to   inaiiitaiii   an    always-iliiiii-iit    service, 
vari<m>  iiiiii|iariNoiis  arc  licrc  |ircstiitcil. 


!■■  >lrmi;  .ifiiiiid  l.akf 
lrii--S.i»K  1,(11  IP.  uliicli, 
« itli  ii|iiil>"i<i'l.  >'i'">l 
at  thr  factory  $4.;,- 
ooo.uoa 


WIRK,         l-'lKitluh       111  IKAI      A  Nil      Tl\. 

coil  ariiiiiiil  llu-  lartli     l-'iumtil    tn  \»»i\  'i.i««)    t"      ito 

'oi   liiiit»  -  i.;.4(iii.nno    inal  cnr>— tn'inn  li.vt.-    "'""  ""  '■ 

null  ^     III'     It,     vviirtli    i/io.<ini^  iMHimls,  wnrlh 

aliiiitt  .*ii»M»ii>,n<)ii.  ill-    mure  than  $3",ouo.ooo. 

iliiiliiii;     .''■iii«n>    (nils 

iif  OMppir.  worth  $88,- 

000,000. 


(ONIiL'ITS         Ijl  illRh 

,»..  live  timet 
tliri.titjh  Ihf  earth 
from  iiolc  to  pull  — 
JJ,;,77S.<»H>  fn-t.  «■  rill 
ill  ihf  warehouse  $i).- 
000,000. 


r-s 


•n 


-, ....  »'«  11^'*"    ■      I 


liii.i-:>.  KnoiiMh  to 
liiuM  a  blockade 
arounil  ('.ilifoniia — 
lJ.jSo,()<K)  oi  them 
Worth  in  the  liimluT 
yard  al>oiit  ■^4ll.^lOO.• 
ono 


.-win  iiiioARDs.  In  a 
line  wouM  extend 
thirty-six  miles— ,^5.- 
(Kio  of  them,  which 
c  o  s  t ,  unassemhled, 
$",,0,000,000 


ill  u.iH.si.s.  SnfHcicnt 
to  house  a  city  of 
I  ;n,noo — more  tlian  a 
lhous:iiid  hnihliiiL'*. 
wliich.  unfurnished, 
and  without  land,  cost 
$44,000,000. 


PEOi'i.K.  Ff|ual  in 
numlurs  to  the  entire 
population  of  U  yo- 
niiii'.;  —  isO.ODO  em- 
ployes, not  inclmlini; 
those  of  coiiuectiiik' 
companies. 


rile  piilcs  are  set  .Mi  over  this  cduiitry.  ■iiiil  >iniiiL;  with  wire?  .iiiil  c.ihlc? ; 
the  euiiihiils  arc  hitrieil  u.,ilrr  the  ureal  cities  ;  tlir  teUphoiies  ,ire  iiistalleil  in 
scpanite  lioiiies  and  (ittiees  .  tin  -w  itclihoarij.s  hmi-e.l.  eniuieeieil  and  .•^uiiplemented 
with  utlier  iiKiehiiierx'  ;mi!  tin  whole  system  kept  in  niniiinL;  order  so  that  each 
stihs.rilnr  iii,i\   I.ilk  .it  .iuv  time.  .iiiv\vl;ere. 


\ 


\MII  VI     SOI   M)    cOMIS    IROM 


Wlierc  Does  Sound  Come  From  ? 

^iiimliuilv  (ir  -ciiiKiliiiijL;  tallies  r\iTv 
S(iuii.l  wo  lu;ir.     Suumls  ari'  ilio  ri'-ul't 
of   <li>turli;iiu«.'s  in   the  air.     Sunn. I   i^ 
l>r<>iliu-i-.l   liy    wavos    iii    ilu-   air.       llu- 
I'll//   ..f   tla    liiiinliIo-lnH'   is   iMii-nl   liv 
till-  i|niik  iiiDviiiuiil  (It  liis  \\iiii;s  in  thr 
air.  Till-  wiiii;s  tluiii>tlv<s  iIn  iiut  make 
tlic    siniiid.    I)iit    tluir    nintiiiM    ran-os 
\vaM>   or   viltratiipii-.    in    tin-   air   wliiiii 
IiiocliKi'  tin-  xiiiikI  of  liii/zini,'.     i'.\ir\ 
ir.oticin  niailc  li\    an\li(M|y  or  anvtliinij 
imximH-.  wavi-s  in  liu-  air  jiist  likf  tin- 
\\a\i'-.    viiu    .sii-    in    tlio    watiT     a    ]>']<^ 
nHiviimiil  makes  a  lii;;  wave  an. I  a  tiiiv 
ninveimiit    a    tiny    \i,i\e.     \\  Inn    \nti 
clap  yoiir  liands  ynn  make  a  tlistnr))- 
anee  in  .the  air  uhieh  caif-es  a  >oiiiiil 
the    hankr    you    elaji    the    lomler    the 
soiiMil.     \<n\  ean  hear  this  souinl  ami 
atiyhody  eNe  lu-ar  ean  hear  it.  It  there 
wiri    iio    air    .i!)ont    ii<.    however,    we 
\\ouIil  hear  no  soim,!.  even  it  we  eoiild 
live  in  ■.ueh  ;    eondilion  of  thin:.;s.   tor 
it    i>   the  air   waves    |-rodiieed    strikinfr 
against   liie  dnim  of  our  ear<  that   eii- 
ahle   lis   t,,  dis.eni    -omuls.      \\ 
t;  Ik   we  make  air  waves  aK 
produce  s,,t)iid.     !t  yen  were  deaf,  and 
talked,  yon  eotiM  not  hear  anv  sound. 
Iiecattse  even  when  there  .ire  air  waves 
they  must  still  strike  aj;..iiist  a  sound- 
in),'  Iwi.ird  in  or.ler  to  he  reeoi;ni/ed  ,is 
soinid-  and  the  drum  of  our  ear  is  onr 
soiindini;  ho.inl   for  hearini;  sounds. 

When  the  .lir  \\a\es  produeed  arc 
nvrnl.ir  we  eall  the  -omid  Minsieal.  an.l 
when  they  .ire  irregular  we  eall  it  noise. 
Some  peojih-  e.ni  iii.ike  iniisie.d  sounds 
V  hen  the\  sinj;,  wiiile  others  eannof. 
If  you  take  .1  i)iit'e  of  tnin  win-  and 
sl retell  it  tiuhtly.  fast.nin;,'  it  -it  l.oili 
ends,  and  lln-n  ).nll  li  with  \our  lini.'er 
.ii'd  let  ;;o.  you  will  hear  a  inusieal 
somid.  Iieenisi-  the  \ihr.ilions  prmlueeil 
will  lie  nyul.ir  and  will  eonlinue  for 
SI  me  time.  If  ymi  shorten  the  dist.mec 
"U  the  wiie  where  it  is  fastened  .il  hotli 
tiids  .itid  pull  it  as  liefore.  the  souiicl 
pro.lneed  will  lie  in  .-|  liiiflier  kev.  If 
Mill  take  ,1  yuiiar  ind  sii.ip  the  U^  (', 
string  you  will  prmlMee  the  liass  note 
'f  < ;.  If  the  other  <  I  string  ( the  smaller 
"lie  I  is  in  tinie  (if  voti  wateh  tlio 
mimIIi  r    i,}\f    .),.-,!<      ,.  I,;!..     , ,.,,      I..:!-,. 


.-11- 

len    w  e 

>  and  thus 


llie  l;iriL;er  one)  you  will  notice  the 
sin.iller  one  vihrate  also.  .s;>und  w.ives 
o:  the  same  tone,  .ilihouyh  ;  dilVen-nt 
oet.iM-s,  produce  tl..  s.iine  somids,  al- 
ll'onyh  in  dilVerent  ke\s. 

Mils  is  the  prmcipie  on  which  the 
pi.mo  is  m;ide  to  produee  niusie.  In- 
side the  pi.ino  are  wires  of  ditVereiit 
Il  ninths  ;ind  tin-  keys  of  the  piano  .ire 
arraiiiLied  to  oper.ite  cert.iin  little  li.im- 
iiiers.  each  of  which  strikes  .i  eerlain 
wire,  l-lvery  time  yon  strike  a  pi.ino 
key  you  cause  one  of  the  little  h.iin- 
I'lers  to  hit  its  wire  the  wire  then 
n  akes  \iliratioiis  which  cause  .lir 
vaves.  Ilk-  air  w.ives  strike  .iiiaiiist 
Ilie  sonndiiii,'  hoard  which  is  loeated 
liiliind  the  wires,  and  heini,'  thrown 
hack  into  the  .lir,  strike  ai;,iinst  the 
dnini  of  onr  e.irs.  ,uid  we  can  hear  ihe 
I  ole 


M.iki-  Souacis  With  0 


ir 


Wiiy   Cm   W( 

Throats  ' 

Mie  sounds  ue  make  when  we  talk 
are  produced  in  e.x.ictly  the  same  w.iy 
with  the  exeeption  of' the  little  ham- 
mers. In  our  throats  are  two  cords 
which  wi-  cdl  our  voral  cords  Winn 
we  l.ilk  we  e.inse  these  cords  to  vi- 
Ii'ate  and  thus  we  m.ike  the  sounds  of 
I'tir  Miiees.  I'h,-  most  womlerful  part 
o|  this  voice  of  ours  is  tli.it  with  only 
two  viH-al  cords  or  wires,  we  c.in  pro- 
duce practicillv  ,ill  the  notes  that  can 
ho  made  with  .-i  pi.mo.  which  has  a  wire 
or  cord  for  every  note,  exce|itinj;  that 
we  cintiot  make  so  in.iny  at  one  time, 
riie  human  throat  is  sl.  wonderfully 
ii'ii-tructed  ih.il  we  cm  leniilhen  or 
shorten  oiu-  voe.il  mrds  .it  will  ,nid 
l-rodure.  with  twi>  striu.ijs.  in  our 
throats  as  many  notes  .is  it  t.ikes  the 
piano  many  more  strings  t,,  prorin,  e. 

Why   Dors   the   Soiiiul   St'p   Wlii-n    We 

Tourh  a  Goiijc  tiiht  Has  Bei-ii  Sounded  ' 

\\  hen    we   touch    the   unnj;   ^ye    stop 

the  sotmd  waves  whieli  the  yonj:  jjivcs 

oti    when    it    is    struck.      'I'liese    sound 

waves  eonlinue  after  the  ironij  h.is  heeii 

stnick    in    continuous    vihrations    tmtil 

-oiliethinir  slops  them.  When  you  tonch 

tile  vihratini;  Koiif;.  you  stop  its  vihra- 

''    ^on  only  touch  your  lin".  i    i, 


WMM     NWMS    .111.    sol  \I)S   IN    A    SLA    SHII.I.? 


llic  \i!>r;itii)>,'  f^niii,'  \..ii  can  u-cl  the 
vihratiuiis  wliicli  imum-  a  lilllc  tiiklinj,' 
;>cn«aliiiii.  Xaliirally  wlii'ii  ynii  ^t..|. 
tluNc  viliraliipiis  yuu  ^u>\t  tin-  air  waves 
wliiili  ihc  xihralidtis  caiiM-,  ami  tliils 
alx)  tin-  sDiiiiil  lit  llu-~i'  air  wave-  ^irik- 
ii'K  ynir  lar  an-  >l(i|i|n-.|  an.l  tlu-  -uninl 
r(:i-<'-- 

Hou-  Cm  Sound  Come  Thioutjli  a  Thick 

Wall '. 
\     "iiii'l   will  iiiiiic   ili:iinL;li   a    ihuk 

nr  tliin   wall  oiil\    ii    \\\r  ^.,11  j,  ,i  m ; 

I'liiicliii  iiif  "i  -i'IiimI.      Si'iiu'  lliiiii^-  arc 

U i  iiiiiilmtors  1)1    -.iiiiinl   and   otlur'* 

an-  nut,  jn^t  a^  -I'mo  tliiii;;s  arc  '^"oA 
t'lUKhu'tdrs  (if  fkitricity  ami  uIIkts 
arc  iiT't.  If  a  wall  is  l)iiilt  of  materials 
all  (It  wlihii  arc  ^^uml  cuniliu-tcirs  of 
Miiiml.  till'  sotniil  will  <  Miiir  tliiiiUL;!! 
it  mi  liiatliT  liMW  thick  WHimI  i^  an 
especially  i^ooil  cimdnciur  ni  sonncl.  Ii 
i>  even  better  than  air.  ^'(ln  can  stand 
at  line  end  i<i  a  luni,'  liii;  and  have  an- 
other perso!!  at  the  ntlur  en  ,  hold  uj) 
llis  watch  in  tlu-  air.  .ind  nmu  cannot 
hear  the  watch  lick,  hnt  if  the  w.itch  is 
■'fjoinj,'"  as  we  say.  .iiid  y.  .u  ,i,k  the 
jierson  liuldinij  it  v>  init  the  watch. 
against  his  end  ..f  ilic  lui;,  .and  \(V,i 
tiien  i>nt  ymir  cir  to  the  uilu-r  end.  von 
can  luar  the  waicdi  lickini;  almost 
a-,  well  a-  if  \i.ii  had  it  to  v.iiir 
"wn  e.ir.  111  lik<'  manner  \i!tt  I'.in 
luar  llir  scratchiiii,'  of  a  |.;ii  al  ihi- 
I'llur  end  of  the  .ol;.  W  hi  n  von  |uit 
M'lir  car  against  a  leleyrapli  pole  von 
'.III  hear  the  hnni  of  the  wires  while 
\'U  iMiiiii.t  Iir.ir  It  llirMii^li  the  air. 
Ml  ~iniiid  iv  prodiicrd  li\  ~('iiiid  \\;i\-es 
:.nd  iiiaii\  ^.ilid~  ;irc  hcll.T  conductors 
i<    -"liiid    w.i\c>   tli.iii    llie   ;iir 

."^'iiiiiil  w,i\c^.  liii\i.  c\ir.  will  ^Mini 
time-  not  1„-  heard  .1-  plaiiil\  thronj^h 
.1  w.ill.  hcc.iti-c  (,f  tin-  f.ict  that  the  w.dl 
m.i\'  !"■  iii.idr  of  iii.iicri.d-  whudi  .-ire 
nut  <i|ii,ilK  ;.'iiiid  CMiidiicliir-  of  -oiiiid. 
Whin  ,1  -niind  w.iM  sinki  -  ,,  prMir 
londuclur  il  lo~c-  -ow.r  ..f  n-  |..,\\cr 
and  the  -.uimd.  .dlhouLdi  il  111, i\  ]»  heard 
thronudi  ihc  w.dl.   \'.  ill  he   f.iiiiirr 

What   Is  Meant  by  Deadeniiij^  a  Floor 
or  a  Wall  ? 

r.\-    dc.'idrnini,'   a    lloor.    lor    iiivlance, 
wc   nic.iii   ni-crlini,'  hctwccn   ihc     cilinij' 


i:f  the  room  hclow  .iiid  tlu-  ll^or  ;ihiue, 
or  in  the  in-t.ince  of  .1  deadened  w.dl. 
hetwccii  ill'  two  -idc^  of  llic  w.dl.  -"iiic 
>nh>taiue  like  fell,  jiapir  or  uiIrt  ii'.ii- 
coiidnctor  of  Miimd.  which  will  |.rc\ciil 
the  sound  w.avc^  from  p.a--in_;  ilirnimli 
I  hi'-  de.adciis  ihuii  |.i  tin  {..is-iii;^  ni 
-onii'l    '  r    ni.ik.,-    lliciii    -'  niiiil  pro'  .f 

Whiit  Makes  tlie  Sniiivls  Like  Waves  in 
11  Sea  Shell  ' 

I  iir  -"iilid^  w  he.ir  when  wc  h'.M 
.1  -c.i  -lull  to  the  e;ir  .are  iint  rcalK  ilie 
-ound  ol  the  sea  w.'ives.  W '■  li.i\e  come 
to  im.ii;ine  that  they  are  l.ccan-e  ilie\ 
'-otiml  like  the  w.avcs  of  the  >ea.  .iiel 
knowleili,'e  that  the  -hell  oriijinallv 
came  from  the  sea  helps  lis  to  this  con- 
cin-ion  very  c.i-    w 

What   Arc   the   Sounds   Wc    Hear   m    a 
Shell  ? 

I  111  -01111. ,s  we  hear  in  Inc  >ea  -licli 
.ire  really  air  waves  or  s.  nnids  made  hy 
air  wave>.  hecanse  .ill  sounds  arc  pro- 
duced l)v  .lir  w.ives. 

The  reason  yon  can  hear  llusc 
sounds  in  a  sea  shell  is  hecaiise  the 
shell  is  so  constructed  tli.al  it  foriii-  .1 
natnr.al  soundinj;  hox.  The  \v."r'|cn 
p.irt  of  ,a  Kiii'.'ir.  zither  or  \ioliii  i-  a 
sonndiii)^  hox.  Thev  h.ave  llic  f.icultv 
ol  pickinj;  up  smuiils  .an.l  m.ikiiii.;  them 
-Iroiifjer.  \Ve  call  ihcm  "risunal'r-." 
lucin-e  the>'  in.ake  sdnnd-  ics.'imd. 
I  he  c  insti  iiction  of  a  se;i  shell  makes 
.lit  aliiM'.'  perfect  rcson.at.ir.  \  prnC 
risoi'.ator  will  ]iick  uji  somujs  which 
the  hinn.an  car  cannot  heir  ,it  .ill  and 
m.at,'nif>  them  s,)  th.il  if  \'iii  hoi. I  ,1  re 
-onalor  lo  ilu-  car  \on  cm  lu.ir  -omiils 
yon  cuiiM  ii'ii  ..ilurwisc  lu.ir  l".;ir 
iMinipils  f.ir  ihc  'le;if  are  limit  upon 
till-  nniiciplc 

Si'iiic'imc-  whcr,  cm.  with  \"iir  cir 
.d'ine.  ihink  si.niclhiiiL:  is  .ili-.  .liiiclv 
,nirl.  Mill  cm  pick  ii]i  a  -ca  -licll  ,iiid 
I, car  sdiiiul-  in  it  I'.pi  ihe  -ra  slidl 
e  ill  maL;iiilV  .aiiv  s.h-m.I  tli;,|   rciclics  it. 

il  \ciil|.l  he  pos-ihlc,  of  course,  to 
'ikr  .1  sc.i  slull  111  a  place  whrrc  it 
■'■"lil'l  lie  .il'-olntely  quiet  in.i  llieii 
llu  r.     woiil'l   he   no   souiid- 

1  here  .are  -n.di  pl.ici -.  hut  \er\  few 
of  thein.  \  I'l.  Ill  can  he  hiiill  which 
is  nhsohitel\'  --oun'l  proof. 
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WHERt  DOES  WOOLEN  CLOTM  COME  ERCM  ? 


I 


SU.LUH.N  L-XilUS  IN   buLili  U\UorA 


The   Story  in  a   Suit  of   Clothes 


Where  Does  Wool  Come  From? 

W'l;  CDiiIil  Hot  wnto  tlio  storv  nf  a 
suit  of  clothes  without  (U-ahnf;  larijilv 
witli  the  slict]i,  for  it  is  only  from  the 
wool  of  the  sliecj)  thrit  the  best,  wann- 
est and  most  la-tinjj  K'T'ii^'hI  can  he 
made.  In  order  that  we  may  jtojutIv 
understand  the  deve1o])nunt  of  the 
ureal  wool  and  clothiiij;  inclnstrv  in 
America  we  mn-it  supply  a  brief  lii-tory 
of  fuir  slue])  indu'^try,  for  the  sheej) 
must  always  come  before  the  cl<jthing. 

Who  Broui;iit     he  First  Slu-cp  tn  Amer- 
ica ? 

'1  he  shoe[)  is  not  a  native  of  America, 
but  it  came  here  with  the  first  wiiile 
men.  Ili>tory  records  that  Columbus 
on  his  way  to  this  country  stopi)ed  at 
the  Canary  I>lMnds  to  take  on  stores. 
.\motitj  otiier  thin,!.;s  he  loaded  a  nun- 
licr  of  sheeji,  some  of  which  were  later 
l.inded  on  tlie  new  continent.  What 
became  of  this  early  importation  his- 
tfTv  does  not  record.  1  nt  it  is  probable 
tb.it  mo-t,  if  not  rdl.  of  tbcni  firi^lied 


fv'iin  the  nttnck  of  wild  animals  or  at 
tiie  h;iiids  of  the  natives.  However, 
when  settlers  beu^.-.n  jiourinjj  into  the 
new  worM  m.any  o''  them  brout;ht  alon.i^ 
their  sheep,  so  that  from  the  c;irlie-t 
c(pIonial  d.iys  the  sheep  con-^tituteil  ottr 
most  numerous  ilome-tic  .anim.ds.  This, 
indei.  !,  w.is  nect  .>ary.  for  if  the  coln- 
ic'>t  was  to  stirvive  the  rij;or  of  our  cli- 
ir.ite  he  must  h.ive  nil  abundant  supply 
of  woolen  clothinsf.  In  those  days 
clotliiu},'  materials  were  limited  to  wool, 
fl:  X  and  the  skins  of  animals,  and,  as 
m.iy  be  suiipo-,c(l,  wools  were  in  verv 
prcat  demand.  Kn;,d.ind  and  most 
l.uropean  countries  jiroiiiliited  the  ex- 
jiortation  of  wool,  in  order  to  increa>;e 
the  demand  f(jr  the  clothing  which  she 
manuf.-u  Hired.  llo\\(\er,  as  our  new 
eol(,i,i-t  h.id  amj)le  time  .and  but  li'tle 
money,  he  desired  to  m.ike  his  own 
clothin},'  rather  than  send  such  funds 
ris  he  h.id  to  the  iiK)llier  countr , 
'I'lierefore,  the  new  settler,  as  a  matter 
of  necessity,  w.is  forcecl  to  increase  the 
domestic    supply   of    \mhi1s. 


WMIRI:    Ol  R    wool.    COMIS    I  ROM 


Who    Stinted    to    Make    Clothing-    from 
Wool  111  America  '. 

I'.aiK  rernr.U  nw.il  lli.it  -liurtl>- 
.•il'liT  lln-  vi-.ir  liii.ii  many  n\  tin-  inl- 
(inii's  |i;i:-'C(l  l,i\\  -  fur  the  ;inr]i(i->e  "f 
HK'i»iir;i!,'iiij,'  till-  -lur|i  in.lii-try.  In 
fact,  Minu'  ol  ilinii  wnii  nd  lar  a-  to 
]i:nliilMi   ilu-  tran-|iiirlatiiin  ni'   -lur).  or 

\ 1     fniiii     mil-     i-uliniv     to     aimtlKT. 

I  li i\\  1  \  rr.  I  iiir  lu-w  ^lirip  inilu>try  ]irii-- 
liitnl.  ,111'!  wvll  it  ~lioi;l(l.  f(ir  it  lia.l 
tlio  liaikiiiL,'  111'  i\.'>-v  ]iroiiiiiR-iil  ]iatriiil 
(if  iIr'  carK  ila\>.  "\'a  'iiii^tim.  Jfffer- 
xiii.  Ma.liNnii,  ai...  l-'ra..klin  all  urrr 
fiitliu- 'a-ti.-  aiI\i)i"iti'S  <if  sheep  liu--- 
liMi'lrx.  ii<v  ihi  \  kiu-w  that  iiiile^^  a 
I.r..|ilr  ha. I  a  lar-e  .luine^tie  ^Ul'lil)  "f 
un.il  ilu\  eoiiid  111)1  Idiii;  remain  iiule- 
|.eii(Knt  !>'•  liujie  to  k'-'^"  inile|ienileiue 
fn)!!!  loreipi  i-(iuiitrios.  In  fact,  at  ime 
time  \\'a>liiii>;t(in  owned  as  many  a-  oiu' 
thousaml  sheep,  and  if  lie  lived  in  the 
present  dav  he  wmilil  he  re^jarded  as  a 

sllee|)    h.arnll.        Wnnl      next     \n     \{in,\,     i-. 

the  inii>t  \ital  neeessity  uf  a  peujile,  for 
\v  htii  wars  cnrne  woo!  heoonies  a  ecni- 
trahand.  and  all  furei,!,'ii  -ilpplies  are 
>-luit  iiff.  I  hn^,  in  ^limnlatin!:;  a  dn- 
I'K  --lie  wool  siipplv  the  ijreat  wisdom  ol 
our  earlv  jialriots  was  vindieateil  with 
the  eoniinj;  of  the  Revolutionary  War 
W'lu'ii  that  threat  strnL,'.i,'Ie  eaine  our  for- 
eifjn  wi'm]  -ni>ply  was  shut  ol'f.  hut  on 
;ueoiint  <<i  the  fore^iirht  ol  tlu~e  pat- 
ni.is  ill  eni-ouraj,'ini;  huine  ]'rii.liieliiin. 
'iiir  eolonisls  had  a  -iiiipls  ainiiU'  fur 
iiiu^t  of  their  neeil- 

W'e  not  oiilv  had  the  wool,  hut  the 
housewife  hail  learned  the  .art  of  m.iii- 
iifailvrint;  wool  into  clo.liinL.'  hv  nieaii'- 
of  the  -piimin;^  v.h.il.  -"  that  when  mir 
si.'ldiers  wmt  Inrth  in  tint  L;reat 
stni!.'.'le,  whirh  v\a^  In  hriiii;  to  n^  in- 
de|K'nileiue.  liiey  were  elad  in  yanileiits 
m.idf  of  Ainerie.in  tjrr.Aii  wool  .and 
iramifaetlired  \.\  the  "hmJ  hon^rwile 
dtirini^  her  lumr^  nf   li    -iire. 

When  .art'.iirs  I  •■■  anie  tr.iiii|nil.  ful- 
li will!,  the  eiose  of  thi'  Ri'volntion.  set- 
tliinent.  whiili  had  'arL;i'l>  l.eeii  eon- 
tiiied  1.1  tile  \tl.intie  eoast.  ptisjifd 
Wfstw.anl  f.irther  .and  f.arther  into  the 
wilderness.  I".:ieh  of  these  settlers  tuok 
with  liilli  his  siijiply  of  slieop.  fm  ilu 
)"irpi'.'e   of    fn'^'iishini,'   \\'<iA    fur  .j.ilh 


ill},'  and  nu  .1,1  lur  Imm.I  i  n  lin  e,irl> 
davs  won!  u.i~  nut  L;ripuii  lor  tile  |iiir- 
pipM'  of  -ale.  hnt  to  he  Used  elltirel\  hy 
the  famiK  nf  the  jirodueer.  I  iowi'ver. 
V.  hen  si-ttlement  reached  the  .\li>sis- 
-ijip.i  River,  eoirlitions  chaiii;ed.  Woo! 
inanul.,  turiiii,'  had  then  hern  e-t::h- 
li-hed  in  the  land,  aii'l  it  hee.aine  eu  — 
tnin.irv  to  r.ai-i'  wool  to  -ell  to  these 
niaiuif.actuier-.  who  had  located  alonsj 
the     \tlantu-    -ealiu.ird. 

Why  Does  the  Sheep  Precede  the  Plow 

111  Civilizing  a  Country  '. 

Ill  .ill  mnntni-  the  ~'i.eep  ha-  hern 
tlie  piiiiuer  uf  en  ih/ation.  They  have 
-vttled  and  'kweloped  pr.aciically  ;ill 
new  Lands.  In  f.ict.  -o  lirnilv  est.ah- 
lisiied  has  heen  this  rule  tlial  it  seems 
.almost  neccs-.iry  that  liie  -iieeji  should 
precede  the  ]ilow,  and  tiuis  ]ire]iare  land 
for  ,ai;riciilture.  The  reason  for  this  is 
th.at  the  sheeji  i-  a  tractahle  aiiini;il  and 
I'.epeiids  on  ni.an  to  ijuide  its  every  -tip- 
It  can  endure  h.ardships  that  would  de- 
-;ro\  other  furnis  of  anim.al  life.  I  Inw- 
e\er.  the  m.iinteii.ance  of  a  sheep  indus- 
Irv  rei|uire:.  .an  almnd.ance  of  l.ahor.  and 
in  tlii-  w.iv  -ettleinent  .al\\a\-  foHow- 
the  -hee]i.  ."-o  li.a-  it  heen  ill  foreitjn 
countrie-.  and  -o  \\,i-  it  in  thi-  ci.iintrv. 

Where   Does   Most    of   Our   Wool   Come 

From  '. 

.•-•h.eep  c.iine  into  1  in  wi-lern  -late- 
ea.rh  in  the  -e\enlie-.  .it  a  tune  when 
these  -tale-  were  tuuiK  -ittld.  Imt 
foUowiiiL;  till'  >heep  came  th^  lalmr  in- 
cident to  it-  care,  ami  thu-  tlu-  rai!- 
ri'.hl-.  -lure-,  citie-  .iiid  -ihuolhou-c- 
fi.iin.j  their  wa\  iiilu  the  l.in.l.  (  lrii,'i- 
r:  IK  all  ul  mir  -lue].  ini|ii-',r\  w.a-  e.i-t 
nf  the  .M  i--i--ip]  li  River.  I'lien  for  .1 
'ime  it  wa-  ci-t  ol  the  Mi--iinri 
Ri\er.  Iii.l.iv  we-I  ni  the  Ml--.inri 
K'iver  we  h.iw  .iliout  J  ^.(HKi.DiX)  .aued 
-1  eep,  nr  more  ih.iii  onedi.alf  of  the 
tnlal  in  tlu  I'liited  ."states.  In  the  pio- 
neer da>-  the  we-leni  sliei'])  -kimii-hed 
on  the  raui'c  for  most  of  the  food  tli.it 
it  oht.iine  I  'I  o-d;iv  conditions  .ire  dif- 
ferent, ;i,ld.  while  tin  -hce|i  i-  mi  the 
r.iUL'e  f.ir  .1  sliciri  tin.r  racli  ve.iv.  it 
-pen.'  it-  -mnimr  in  the  X.itimi.il  I'nr 
.  -t.   i.ir  which,  ^r.i/ii!',;  ;i   fee  i-  pal. I  to 


HOW 


WOOL    IS   TAKI  N    FROM    TUT    SHI  fP 


-'■'  •  • ii\.. 

ill-  Ii-.Iiial  I  iiiMTniimii.  It^  wintiTs 
■  rv  >|,i.,ii  lar-cly  an.iin.l  ilic  liav-stack 
<>t  till-  I'artiur.  an.l  alxuit  tiii\  li,  ^ixiv 
ii-m>'  w.rtli  .,t-  hay  is  K-.l  ti,  ,-a,-|i  slu-q, 
111  till-  W.M  i.u-li  winter.  With  the 
' '•nunu'  ,,i"  -frill-  tin-  wc-tt-ni  -hci-i.  arc 
'hvi.lnl  iiitu  hainl-  i.f  ahmit  i  ;i<<),  an.l 
vaih  two  liaii.Is  an-  i.laiv.i  in\-ari-  ,,{ 
ihn-i-  .ari-iak<r>.  who  can'  for  and  [.ro- 
tfi-t  the  >li.-.[)  ,-itlur  on  ij,,-  .|i-<-iic,|  land 
■t  till- owin-r  or  on  the  land  rented  from 
ilii-  I'odi'ral  I  iovi-rniiii-nt. 

Hnw  Much  Wool  Does  Ani.iua  Piuhire 
Yearly  '. 

.N.iinifli  inr  ihr  hi-tiirv  of  unr  •^lu•<•|). 
\  tVw  word-  now  ahont  wool.  Tho 
total  wool  ,rop  of  tin-  rniti-d  Staii-s  is 
.•q')"'o\iniat<  l\  ,?o<...HK).()<H)  iMHiiids  per 
vear  Th.  \.diie  ..f  ih\<  crop  is  aroiin-i 
N«,.,MK),<MK>  annn.dlv. 

How  Do  We  Get  the  Wool  Off  the  Sheep  ? 

Willi  Ih.-  .oniin-  ,,t  -prni-  our  .heep 
•iro  driven  t,,  lar^e  central  idants 
wliere  tlu-v  are  shorn  I.v  the  use  of  nia- 
' '"lies  driven  hv  eleetrieitv  or  steam 
|M)wtT.  <  ine  man  -Ju-ars  ahotit  o,ie  hm,- 
•'redand  liftv  she,  n  per  .lav.  For  this 
lie  re.-eiv.-^  eiu'llt  rents  per  lu-a.I.  Wln-n 
Ilie   wool   ,s  taken  oft"  the  sheep  it   i< 


,i,athered    up    and    carefiilK     ne.i    with 
slnnt;  made  of  paper.      I'he  lied  Heee.- 
i>  then  dropped  into  an  elevator,  and  is 
carried   up  alioiil   ten    feet,   where   it    i-; 
■'rop|,ed  into  a   l.ir-e  ^-.uk  alH.nt   three 
teet  III  diameter  and  seven    feet   Ions,' 
111    this    sack    there    is    alwav-    a    woiil 
Itaniper.  who  keeps  trainpiiii;' the  tieeoes 
ili'un.  so  that   ahont    fortv  llee.es  are 
I'lially   put  int.)  each  sack.'  inakin..,   the 
veij,dit  .p|  the  s.iek  ap|)ro.\inialelv  lline 
Imil.ired    p.iiiii.ls.      .\s   these   sacks   .ire 
Idled  thev  ;ire  carefully  store.!  in  .-i  .Irv 
lie.l.  an.l.  when  sh.arinij  is  completcl. 
.lie  hanle.l  to  the  r.iilroa.l   stati.in  an.l 
sl.ippe.I    to   the   !,'reat    wo..l   .-enters   ,,f 
I'nsl.Mi  or  I'hila.lelphia.    While  the  hulk 
ol  the  W0..1  in  Ihe  Cnit.-.l  Sl.iles  is  pn, 
.luce.l  west  ,,f  tin-  Miss.mri  River,  that 
territory  mamifactiires  verv  little  w.h.I 
.';«o  the  western  sluepinan.  who  is  thus 
toree.l  to  jjrow  his  w....l  in  the  western 
slates.   pa\s   ahont    two  cents  a    poun.l 
treioht  „„  it  h,.,,-!^  ,„  ,|„,  ^.,.,.,,.r„  „,..,r|<ct 
where  it  is  s.)|,|  an.l  lat.r  manuf.-ictur.-.i 
into  .loth.    A  r.art  of  this  same  .-loihin- 
IS   then   shipp,-d   west,  to  he  s.il.l   to  flu- 
very  m.m,  in  <,i„,e  instan.-es.  who  pp. 
'liK-ed  th.-  wool  out  of  whi.h  it  is  nia.l,- 
.Amen,  an  wool,  tak.n  as  a  whole    is 
the  hesf   wool  Lrrown   in  tl„-  vv.,r!.!      h 


IMI    wool.    IN   OM.  SI  11    Ol     CI.OlMlS 


s:{ 


1^  not  as  Milt  ..'  SDiui-  .\ustraliaii  wixil, 
Imt  all  I'i  it  possrsscs  a  jjn-ati-r  -irt-ii},'tli 
than  lorci;,'!!  woo!-,  am!  it  has  loii;.; 
Miin  !)i-i'ii  (li'ttTmiiifil  tliat  dotliini; 
maik'  of  -XiuiTican  wool  will  ii\w  IkI 
liT  siTxifi'  than  ihat  made  of  fori'ij;ii 
o.ool.  (  )f  tlio  wool  usi'il  in  tin  I'lntoil 
Mali's  for  the  tnamifailuriilf;  of  rlotli- 
ini;  we  proilii  ■  alioiii  70  |icr  innl  am! 
imiMirl  alxiiil    vi  jut  I'liit. 

How    Much   Docs   tho   Wnol    ;      a    Suit 

of  t     thes  Cost  '. 

il  i>  ',  iisloniar>  lor  lln'  iiiTsoii  who 
Inns  i-lotliini;  1  'k'  of  wool  tf)  luliivc 
tlKit  tin-  \aliK'  li  tin  oil!  in  tlu-  cloth 
is  what  iiialxi-s  tlu  I'lolliin^  scvin 
i'X|)cn--'VC.  llowcM-r,  if  wr  take  a 
man's  suit  maik-  of  in<.'ilnnii-\\ri.t;lu 
cloth,  such  as  is  worn  in  NuMnilni 
wc  tiiiil  that  it  n-iniircs  ali'Hii  iiiiu 
jiounils  of  avcrasjc  uunl  tu  make  tlu- 
siiit.  I"or  this  wool  tlu-  ~lirt  i  ni.ni  re- 
ceives an  a\ira!,'i'  nl  siMnlnn  cent-; 
|UT  liouil'l.  sii  that  onl  uf  llu-  eiilire 
suit  the  man  who  proihires  ihr  iiiiuri  il 
out  of  which  the  suit  is  maile  receives 
a  total  of  Si.s.V  A  suit  siicli  as  is  here 
ik'scrilieil  would  lie  of  all  wool  and  free 
fiom  sliiiddv  or  any  wool  sulistitnte. 
It  wciuld  he  a  suit  Ihat  would  he  sold 
hv  the  storekeejur  at  $-'.;  00.  and  if  you 
had  it  made  hy  the  tailor  he  wmiM 
charge  you  S^soo  Vet  tlu-  wnul- 
tjrower  furnished  all  the  material  out 
of  which  the  suit  was  made,  and  re- 
ceived as  his  share  hut  $i.5.v  I'hus 
it  will  he  de.ir  to  the  iierson  who  hu\s 
ilothinj;  and  reads  these  lines  that  no 
lonijer  can  the  hianu'  for  the  hiuh  co-t 
of  clothinj;  he  l.iid  at  tlu-  duin"  of  tlu' 
wiiiil-u'rower. 

While  the  wool-usini^  j.oi.nlalion  of 
the  world  is  incre.-isint;  very  raiodlv. 
tlie  numher  of  wool-|iroilnc!nij  slieep  in 
the  world  is  decreasini,'.  (  >rilinaril\ 
this  would  mean  that  a  (loiut  would  he 
rea.-liei!  wluTe  the  supplv  "f  « onl 
would  he  tiilall)  iuadeiitiale  to  uu  et  tlu- 
needs  of  the  |iul)lic.  However,  tin- 
unfoitimale  jiossihility  is  heiu','  .iverled 
liv  the  energy  ;md  thrift  of  the  sheeii- 
men  in  hreedinu;  sheep  that  pnidnce 
n-.ore  and  hetter  wool  than  was  the  case 
in  the  jvist.     The   sbeep  whii-h  ("ohim- 


jius    lirou,nhl    to   this    coimtr\.    .uul.    in 
f.ict.  all  llie  -lu'ep  of  llie  world  in  tli.:' 
<!av,  imiduced   wool  of  very  coarse,  in 
ferior  (|Uality.  and  hut  very  little  of  il. 
I  iiir  huiidred   years  at;<)  our  sheeji  did 
not  aver,i;;e  threi   pounds  of   wool  per 
head.  Iiut  hy  careful  hreediui;  .-md  hit- 
ttr  feediil),'  we  liave  hrou<;ht  the  aver 
.iLTe  lleece  uji  to  slitjhtl)  more  th.in  se\. 
p.  mills.     (  tf   course,   some   slue]!   pi' 
lUue    deciiledly    more    wool    th.m    llr   , 
I'Ut  the   f.act  that  in  one  luiudred  \e,ii  ■ 
we  have  more  than  douliled  the  amonnl 
of  «'■>!  that  a  sheep  produces  and  in 
.  reaseil     its     ipiality     very       ■iateriall\- 
speaks  well    for  the   in!,'ennity   and   d< 
termination    of    our    shec]!    prmhtcer- 
I'roh.iMv    :is   time  j;oes  on   the  averai;e 
t'eece    ina\     lie    stiH    furtluT    incrv-ased. 
sii   that    in    llu'    next    t wenty-l'i\e   years 
il    is  iii.t    tiHi   much   to   hope   that   our 
-linp    will    produce   on   an   .av.'ratje   of 
line  puund  more  wiml  than  they  now  do. 
<  if  I'liur-i-.  as   wool  comes   from  the 

lue|>.  il   n.itnralK    innl.ains  nntch  dirt. 

Tne  -iu'p  li.i\e  run  on  the  r;m<;e  or 
111  the  open  ]ias|ure  duriiii;  much  of  the 
\ear,  and  dust  .and  dirt  lias  settled  into 
the  wool.  Idien.  hesides  prodnciu' 
wool,  the  sheep  e.Ncrete  into  the  wool  a 
f.ittv  sulistanee  known  ;is  wool  fat. 
\\  Inn  the  fleece  is  taken  from  the  sheep 

■  lid  sent  to  the  market  the  first  thini,' 
ll-.at  the  mamtfacuirer  does  with  the 
fleece  is  to  wa-li  out  .all  this  foreiLjn 
m.atter.      The    fnreitin    matter   is   of   .1 

I  onsii'eralile  .luantilv,  for  Ui  ]ier  cent 
of  wii'i]  a-  it  comes  from  the  slieep  is 
dirt    .md    ),ae;ise.   so    th.at    only    .)()   ]ier 

II  111    of    the    sheeji's    fleece    represeii: 
wonl  111  ires. 

This  wool  lihre  is  ;i  very  delicate 
r.l'fair,  heiiij;  made  up  of  thousands  of 
iMlIe  Cells,  line  laii'  "U  Inii  of  the  other. 
<  '11  the  -iirfa'T  .It  ihe  t'lhre  .ire  ;i  Inl 
iif  scales  .arr.niL'ed  nmelhin^  like  the 
s.ales  on  a  fish.  In  the  process  of  man- 
ufacturintr  the  scales  on  one  lihre  lock 
with  seales  on  another  tihre.  .and  in 
lli.il  w:i\  the  tilin-  .are  held  Ini^ellur 
ill   the   piece  nl    cliilll. 

W  hen  woiil  is  rei-eived  at  the  factorv 
11  is  in  fleeces,  and  e.ach  fleece  contains 
difTerent  kind-  of  fihn  -  IhHl:  .and 
-hiirl — eii,'ir-e  atul  tine,  .and   il   is  iiiir-- 


m 
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-•■i.i  lii.il  ihc-i'  -lionlr]  lie  snrlC'l  into 
■I'llVrnit  kitii|>  or  j,'r;iili><.  :i>i  may  In- 
■  UsirccI-  |iitIi,i|i^  six  or  ci-,'!)!  .liiViriiit 
kimls.  .u-.nrdinj,'  to  the  iiartuular  usi-s 
t"  wliiili  ilu-  (litTiTi-.tt  (|iialitics  an-  to 
1h"   init. 

I  Ik'  tliccc  !•;  sproa'l  nut  on  a  tahk-. 
till-  cciitiT  of  wliicli  is  oovcri'cl  willi 
wire  lU'tiiiiij,  ami  throii!,'li  iliis  mttini,' 
JK-Tt  of  thy  lUi-t  and  other  ii'attcr  from 
the  wool  falls  while  the  -ortiiitj  is  ^'oiiit,' 
nn.  Sorter,  tear  witli  tlie  haiuls  the 
.htTereiit  parts  of  the  tleeee  from  eaeli 
o'her  and  sc|iarate  them  into  piles,  ae- 
enrdintj  to  their  ditTerent   ijuah'ties. 

All  unwasluM]  wool  eonlaiiis  a  fatty 
or  greasy  matter  railed  yolk,  whieh  is 
a  secretion  from  the  skin  of  the  sh,,[i 
'I  he  etTect  of  this  yolk  is  to  jireveiit  the 
fihres  r)f  the  wool  from  mattins;.  ex- 
'•e|it  at  the  eii<ls,  where,  of  (■oiir--e,  it 
lollects  fitist.  and,  formiii};  a  sort  of  ,t 
coatiiiij  really  serves  as  a  protection  to 
the  rest  of  'the  tie.ve  while  on  the 
cheep's  hack 

\fter  the  wnol  is  sorted  it  is  next 
ilran>;<d    nr    -conrrd.    in    order    to    re- 


move all  till.  \..lk.  ,!irt  and  forciu'n 
".ilUT.  and  this  |,  aceompli-lu-d  l,v 
lassinj;  the  wool,  j.y  means  of  auto- 
matic r.ikes,  throii;;ii  a  washiiii;  ma- 
>diine,  consistin!„'  of  .1  s,-t  (,f  thr.'e  or 
or  howls,  which  contain  a 
solution  of  w.irm. 
water,  nnti!  all  the 
liave    jieen     removed. 


tonr    \ats 
cle;msinj.j 


grease    aiK 


oajiv 

dirt 


■.acl 


i„ 


:iowl  has  Us  set  of  ri.ll.r^, 
which  s(|iieezes  out  the  water  tmni  ihr 
«ool  liefore  it  jmsses  into  the  next 
'"■ul  II  vini;  passed  throusjih  the  last 
lowl  and  set  of  rollers  the  wool  !< 
carried  on  an  apron  m.adc  of  sl.it-  on 
ciiains.  to  the  -Iryiui;  chamher.  called 
the  dryer,  where  is  taken  out  most  of 
the   moisture. 

The  wool  is  li.  .  M  ..n  tliron-'i  j.ipe^ 
or  c'lrried  on  tr1Il■]^.-  to  'h,-  rardint,' 
rorim. 

I'rom  this  point  \\\r  wool  follows  one 
id  two  ditTerent  prii.e---.es  of  ninnu- 
f.-.cture — that  of  makint;  into  worsted' 
or  that  of  111  ikin?  into  wrtoleiis 

Speakin?  in  a  general  wav,  wurstcl 
f  .'nri.-s  are  made  of  yams  in  which  the 


liliriN  ,ill  lie  |i.ii.ilU-l,  .iiiil  wocl.ru  :\ro 
tii.ido  ol  \an.s  in  wliiiii  llu-  liliri> 
crn-  .  IT  arc  niixnl.  <  ir'lmanly. 
\M>r-tril-;  arr  uvaAv  t'roin  Icmi,'  stajilo 
woi.ils.  and  will 'K 11-    from  short   staple 

wools. 

P.v  nuMiis  (if  tlic  cninl)  the  tilirt-  i^ 
-till  lunlur  ^trai.uhtcneil  out,  the  short 
stoik  ami  iiiiil,  or  nihs.  are  removcil, 
ami  wluii  ;hc  sliver  conies  from  the 
coml.s  Host  of  the  tihn-s  are  parallel 
tn  each  ntluT.  A  nunilii.r  of  the  slivers 
tak'-n  from  the  cuiiih  are  then  put 
throuL'h  tv.ii  furthi-r  operations  of  t^'ill- 
itiir.  ami  wi.'unil  into  a  larm'  hall,  which 
is   lallril   a    tiui^lieil   tnp. 

Tlie  next  jirocess  in  the  manufacture 
■--f  wor-ieils  is  carding.  In  this  ]irocess 
the  will .1  is  pasM-d  iHtwceil  cylinders 
.Mill  rnllers,  fmni  wliich  project  the 
(lids  i>f  many  sni.ill  wires.  These  cvl- 
inder-  revolve  iu  opposite  directions, 
'I'he  result  is  the  openinc.  sejiaratint; 
and  straighteninf;  of  the  fibres;  and  the 
wool  is  delivered  in  soft  strands,  which 
are  taken  off  hy  the  dotifer  comb  and 
wound  upon  a  wooden  roll  into  the 
^li.ipe  lit  a  lar.t;e  hall,  known  as  a  card- 
hall  or  card-sliver,  or  put  into  a  re- 
volvinp:  can.  The  sliver  from  a  nu,..ber 
of  these  h.alls  or  cans  is  now  taken  and 
put  through  what  is  kno\Mi  as  the  gill- 
infj  machine,  which  to  a  degree 
straightens  the  fibres. 


rum  the  gilhiig  machine  the  woul 
(i.mes  oil  in  soft  strands,  hour  strands 
are  then  t,d<en  to  the  balling  machitic. 
where  is  made  a  large  ball,  ready  fnr 
tl;e  co.nbing.  It  takes  eigiueen  of  the-e 
balK  to  m.ike  a  -et  or  liil  up  the  comb. 
The  d\eing  is  dr. in  m  three  ways — 
in  the  tup,  in  the  thread  or  skein  after 
being  sinni,  or  in  the  piece  after  it  is 
woven.  If  tlie  wool  is  to  be  stock  dyed 
— tliat  is,  dyed  in  the  to])— it  is  sent  to 
the  dvehouse  to  be  dyed  the  shade  re- 
quired, and  afterwards  returned  to  be 
gilled  and  recombed  read)  for  the 
dr"wing. 

_■  t'l  this  point  there  lias 
twist  given   to  the  wonl.  nor 
pearance  of  a  thread.    '1  he  top 
untwi-ied  end.  is  now  rim  tiirough  llie 
drawing    machine,    the    process    soine- 


)een  no 

inv  aj-i- 
the  soft 
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times  consisting  of  nine  distinct  opera- 
tions, .ind  is  (Iniwn  and  redr.uvn  until 
mliii-fd  to  the  size  reiiuired  for  its 
siieci.d  piir])ose:  and  the  stock  i>  tlien 
delivered  to  the  spinninj;  room  un 
spools,  and  is  called  roving. 

In  the  spinin'i'j,'  the  imnevs  of  draw- 
in<j  continues  until  the  t\vi>ted  thread 
i.--  reduced  to  tile  size  reiutired.  whiih. 
cither  siii.t;ly  or  twisted  toi,'elher  in  two, 
three  ()r  four  strands,  is  to  he  u>ed  for 
Weaving. 

The  yarn  is  then  very  carcfullv  in- 
sjiected,  and  all  impertections  which 
would  >how  in  the  tinished  goi^ds  are 
renif:ved.  and.  if  it  is  to  he  dyed  in  the 
-l-ein.  the  yarn  is  taken  lo  a  reel,  w here 
tlie  -Ki-ins  are  made  ready  for  the  dve- 
house. 

I  he  threads  must  now  he  jirepared 
for  the  lofMii,  in  order  that  the  actual 
weavtn-r  may  be  done.  The  thread  is 
u-ed  in  two  ways  in  weaving — as  war]). 
which  is  the  thread  which  runs  kiigtii- 
wise  of  the  cknh.  and  as  hlling^  or 
woof,  which  runs  .-icross  the  clotli'fnmi 
side  to  side. 
The  warp  thre,-id>— the  t!irc;i.N  wliich 
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run  lengthwise  of  tiie  cloth— are  sized 
and  wound  upon  large  reels,  and  from 
tlie>e  transferred  to  a  large  wcHu'eii  roll 
c.dled  tlie  w.irp  hc.ini.  which  holds  all 
the  war],  thre.ids.  n.-uallv  .several  ihoii- 
s;:nd>. 

I  he  tilling  threads  arc  jnit  on  shuttle 
h'lhhins  an.l  j.laced  in  the  shuttles  lo  ho 
refiik-d  hy  the  o].eratives  as  reijuired. 
;ind  as  the  weaving  jirogresses. 

The  war])  heam  is  then  taken  to  the 
drawmg-in  room,  where  these  several 
thous.nnd  threads  .-ire  <lrawn  thn.u^'h 
wire  heddles  in  a  frame  callxl  the  har- 
ness, then  drawn  through  a  wire  reed. 
I  he  coni])lete<l  warj)  heam  is  imw  re.idv 
for  tiie   loom. 

'Ihe  harnesses  arc  pl.iced  m  the  lo..m, 
and  hy  me.ins  of  wiiat  is  called  the 
•■head-mot:  ,n."  part  of  the  threads  are 
r.-ised  and  ].art  are  k)were.i.  I'his  al- 
lows the  tilling  shuttles  to  ]iass  ajiovc 
s".-ir  tlireads  and  luli.w  others,  llliing 
lilt   the  jiattern   re-juired. 

Ihe  cloth,  having  heen  made  in  such 
I<  ngth  as  is  desired,  is  taken  from  the 
loom,  and,  hy  wh.it  is  known  as  hurling 
and  men. ling,  any  knots  or  threads 
y  ov.  11  in  wrongly  are  removd.  and  any 
iiniu  rirctions  which  have  hcen  discfiv- 
iTiil    tliroiigh  ■  ■ 

are  corn-ctcd. 

1  Ik-  Hill  or  cloth  is 
\'-idi.d  .11, <1  the  oil  and 
matter   removed. 

rn.lres'ieil  fabrics  would  now  „ 
tiill.i].  Thi;  consists  of  running  clolli 
tlToiii^'h  a  fulling  machine,  where, 
moistened  with  a  sjieciallv  prei)ared 
soaj),  it  is  snhiected  to  a  great  jires^ire 
and  poimdiii;:.  v, hich  aids  in  criving  tin- 
riqiiircd   fini-h. 


a    careful    e\aiiiinatioti 


scoured    or 
atiy    foreign 
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I  luTi-  :iri-  (lillcn.-iit  i-.'iiiU  nt  lim>ln-. 
uiiii'li  ri-i|nirf  ilirtVrtiit  tti':itiiK'nts,  am! 
it  wiinl'I  111-  ini|ir,utuT.lilc  for  us  to 
ilwcU  ill  ik'iail  ii|Min  tliis  mattiT  litTi'. 

Ii  ihnl  ill  till-  |ii>.i,c,  till'  Will  or  v'liith 
is  lakcii  til  till-  (lyilioiisi-  ami  dyoil.  It 
t>  tlii)ri)iij,'tily  riiiM'il.  all  niiii>iiirc  '■< 
ixtractiil  triiiii  it.  ami  it  is  (|rit<l. 

Al'ti-r  ilr\  ill),'  tiu-  clulli  is  run  tlinmuli 
a  iiKuliiiu'  liy  wliiili  it  is  lirtislncl  ami 
slioarcil,  till-  linisliiiij,'  liltiiiL;  tlio  Imiv; 
I'liri's.  ami  tlio  slifariiij;  ciitliiii,'  tluin 
«ilT  at  i-vt-ti  li-iii;tii.  Till-  ilnth  i-  pi'i 
tliriiiii;li  tin-  i>rt'ss,  whicli  irons  it  mil. 
^jiviiii;  it  tlu'  lustre  or  the  lini-li  tli;ti  is 
(k-sin-il.  It  is  i-xatiiiiicd  a^aiii  for  lur 
tl>ir  iiiiiKTl'tvlions,  and  if  siuli  lia\r 
oiiurri-(i  tiny  arc  corrivti'il. 

.Miastiriii.i,'.  wi'iijliiiij;.  rolling  ami  ta.^- 
fi'm\i  follow,  ami  tlio  doth  is  |iaiki(l 
ai'i  rfa<ly  lor  the  iiiarkct. 

W'ook-iis  arc  made  from  short  stai>U- 
wools,  known  as  olothiiif;  wools,  and 
in  the  linishcd  woolius  tlu-  liliri-s  ol  tlu- 
varus  cross  or  arc  iiiin;,di'd  toirctlicr. 
Ill  the  case  of  woolens,  after  the  s,iiiir 
in;;,',  it  is  freiiucntly  iicces-;ary  to  ro 
move  burrs  or  other  vc^'italile  inatier 
fiiiiii  tlie  wool.  To  ;iccoin)ilish  tliis  tlir 
wool  is  dipped  ill  a  h.ilii  of  chloride  of 
liiininnni    or    siili I'lui  ic    ;ici'il     solnhon. 


.llMXr,,   FIRST 
■  iHKR.lTIOS 
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then  the  iiioisinrc  is  i\ir;nltd  .m  1  the 
wool  is  ]ini  iliroimh  I  diier.  where  llie 
|i  niper.iluie  liuisl  hi-  al  least  _' I  _'  de- 
crees I  hi-  he.'it  carbonizes  the  l.ireimi 
siihsiaiue.  hill  has  li'lle  elYcct  oi.  the 
.inimal  lihves  of  the  wool, 

\c\,.  an  in^eiii<uis  iii.u  hiiie  ealU  d 
the  hnrr  pii  l^er  reniovis  ihe  hiiir. 

.•soinellnu's  ihere  i-  to  In-  a  hlrinl  of 
lie  wool  w  ith  oilier  Morks,  ;md  in  lh.it 
east     till'    siwer.d    ili'Vereiit     \\ooK    are 

ir.i\('!     to;_irltRT. 

1  )\  rlni,'  of  wi  .oleiis  is  ,lone  in  tin  er 
w.r.s  in  the  wool,  in  the  lln'rad  .'iller 
Ii  is  sjiiin,  o'"  in  tiie  pie -e  .itler  it  is 
x\o\c'ii.  1  f  till'  wool  is  to  lie  "d\  ed  ill 
iPo  wool"  it  is  now  i-on\e\ed  to  the 
d\elioil-e.  d\ed  the  sli.ujr  rii|nired, 
tl.rn  n  ini-ned  to  the  mixiiiL;  room, 

iHirim:  tile  process  oi'  ■.•ouriiv,', 
when  ihe  \olk  was  iail!o\ed.  .1  laVL.'e 
pait  of  the  r.itiiral  oil  of  lli.'  wool  w.is 
.also  ihinin,  'id,  .iiid.  ni  oriler  to  restore 
this  Inline:, nt.  the  wool  is  sprinkled 
with  ,111  oil  rnnilsioii.  .nid  the  iiii\in^ 
picker   thoroiiyhlx'    hleiids    the    \'.ools, 

|-"roin  liere  the  wool  ^oes  to  the  card- 
room.  :nid  Iw  means  of  the  cardini;  in:;- 
■  hinr  the  liiives  .are  carded  .ind  dr.awn 
and  di'i\i  ri-d  to  the  liiiisher  in  a  broad. 
Ilat   -heet.     I'v  means  of  the  conrleiiser 


CI  OIM    IS    M  \|)|     I'l  W\  I  c  I 


inii-.iiiii-   |irin-i-.>i>  I.I    wcMilfiis. 
iki-  till-  rnii>lmiL,'  |iriKis,i-s  nt  wnr^ttils, 
vary   with  .lillVmit    i:il.rn>.  mmiu-   fab- 
rics iK'iii),'  MMtirr,|  an.l  .U'aTisoil  in  the 
uasIiiTs  JKinrc  liiililii;.  otliiTs  ),'oiin,>  |.. 
ilii'      fiilliiij;     mill     wiihotit     cli-an-ihi^v 
\ttiT  fulliiif;.  III.'  .luih  i,  atrain  wa-^lu-.l 
rtiil  riiiM.I.  ami  if  luvi-ssarv  in  rfimnc 
n\    vt^ittaliK'  lil.r»-i  it  is  i-arlMmi/.'.l 
Xappiiii;  <.r  i;i),'!;iiin  raix'N  tin-  lil,i,  , 
1  ■    iIh    n.ii>  <i,,ir<-.|       <iiKKi"g   is   iloiii- 


it    is   iliviik-il    inio  iiarmu    liatiils,   aii'l 
till-    wiKil-tn'c    a^    Mt     I'ruiii    t\\i>t 
foiiir-.    out     ill     soil     >trai)c|-.        i'lic- 
-liainN  i.r  tliri-ad-  an-  lallol  iiipi.ij;. 

Xuu  i.(itiu-<  tlif  milk-  -.jiiiiitinir.  11,, 
roping  pasM-s  tlinui^li  nilK  |,y  whi.h 
it  is  lirawii  ami  twi-ti<l  tci  tlu'^i/c  r. 
'!uirri|.  ami  \\<imi'l  nn  |i;ipir  i-op  tnlu  - 
Of  lidliliin^  Siali  ui'  tin-  vani  a»  iv  [,, 
I;f  iiviil  fur  warp  i-  tlu-'i  vp,„,U.,|  fmin 
till'  lidliliitis  \n  ilri's^cr  spKiiK.  It  i, 
stzcil  111(1  ufuiiil  iipiiti  larjif  riil>  ;  fmin 
tlu'si-  transferred  tn  the  warp  lieaiii.  as 
in  the  ea^e  of   worsteils.  IMj 

The  pnK-e>~ev  of  .|rawiii.;-in.  prepa-       ,„py,„h,  *„,, 
ration  lor  weavin;,',  tmrlinu;  ami  iiieinl  v\.,a,ui. 

ii!>;  are  praitieally  the  vaiiie  as  in   iho 
ca^e  of  worsteds. 
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s'.» 


SI'INNINO 


<  >.|.irl^lil    Ml 


1)V   iiu-aii-  <ii    .1    win-  iniipiiij,'   mai  liiiu-  I  lie  iia|i|iiuj,'   whuli   li.i>   Ixcii   raiMil 

or  ti-a>i-l  },'i(,'.  wliiili  rai>i->  llu'  cmls  ui  liy    iIk-   Iimm'!    is   slK'ari'd   or   cut    to   a 

lilt'  til>rc-<  on  till'  faci'  of  llif  ilolli.      Tlu'  projuT  li'iintli  I>y  inailiiiic.      I'lu'  iloili  i- 

ti'asi'l  is  a  vcm'taMi'  ]>rniliii't  aliinil   llu'  j'rr^M'il,  and.  it  it  is  ilcsiri-il  to  linisli  il 

^liapi-  of  a  jiitio  colli',  and  it  is  iniir-  witli   hi-'irc.   it   is   wound   upon   i'o|i]'ri 

I'-lin;;  to  noti'  lliat  no  nu'dianii-al  con-  cylindiTs  and  steam  is   forced  ilironi;li 

trivancc  lias  ever  lieeii  in.rnti-il  to  e(|rial  ii    at   a    lii;4ll   |iressiiro. 

it    for    tlu'   pltri'n^i'  \e\t    the  elotli   is  d\'ed.  if   it    i~   In  l.r 
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CI.OIM    IS   RVADY    rOR    THE:   TAILOR 


|iiii.-c-(l\t.Ml — llial    is,    (lyi-d    ii 

tin-  jjii-ce.      If   the  doth   is  a 

mixture,  the   wool   was  <lveil 

iiniiiedi.itely    atti-i    the   scu'iir- 

injj.     In  \v()rste.!s  thx  dyeing 

i>  ijoiie  I'ilher  ins.  after  ••  ha- 

been     subjected    to      'e      '•"st 

i(inil)iiii,'     ])roi.-e--si.- 

\arii   is   dyed   in   liie 

hank. 

In     the     dry     thn'>- 

eli'lh      i>      tinished 

uilh   \ariiius  kiiid> 

lit   Uni-hes  desired. 

and    it    is   steamed. 

hrnshed.       sheared 

and    pres-ed.      .\n- 

Hilur    examinatitin 

liir   any    imperfi^- 

li<in>      ur      defeel- 

iiillii\vs;    the  clnlh 

i>niea>iired.]iaeked 

and   tair.u'ed   and    is 

re.idv  fu;   tJK'  m;ir- 

ket.  ■ 

I  h  f  dilferenee 
helv.  eeii  worsted- 
a  n  d  w(Milen<  is 
lirineiii.ally    th.at    in 

t  h  (•      thre.id-      or 
yarns    from   whieh 

wor-leiK  are  made  the  t'il)res  of  the   \\i 
jiarallel.    one    to    anoliier.    heinjj   made    iiMni 
eonihed    wool,    from    which    the    short    lihre- 
have   Keen   removed:   and    woolens   are   madi- 
from  _\arns  in  whi' I'  ib'-  '"''iri-  cru--  .-mil  :!ri' 
m:itted    .ind    iiiti  r 
Miixed.     When    I'm 
ished   the  ilYect  of 
wor-teds  ;nid  wool- 
ens    is     materially 
different.  I'lion  ex- 
amination it  «  ill  In- 
fonnd      tii.il      t  ii  r 
wor'^ted  thread  re- 
scmhles   ;i    wire    in 
e\enness.  while  tlu' 
woohn     thre.id     i- 
nnevin  and  irrei,'n- 
lar. 

A    uor-l.<l    f.-ihri. 


I  i\i=tirri  rrnTii.  ri:. 


ii'K   nil 


A.ilrrt.' 
I  \ll. 


hric  wlun  Hnished  has      wf.olen  cloths  are  softer 


clear,    l.riyht.    well    di-fnu-d    jiattern.      .l.-i-tic 
eeins  close  and  tlrmlv    wnv<-n.  and  is      thread 


thev  are 
the  colors  are  ninn-  Mcnde 


more 
1.  the 


ITuniiinin 


and  tl' 


are  not  so  easily  distin-ni~hahle 


ler.-il  ifTect 


tile 


_J 


win   \\i    cWNor  sr.i;  is  tmi;  [)\rk 


Why  Can't  We  See  m  the  Dark? 

\\  (■  I'.iiiiiiii  vtx-  in  liic  chiik  liccauM' 
il  I  If  i--  11(1  li.i,'lit  to  M'l'  l)y.  To  un'cr- 
>t,inil  this  uc  imi>t  first  uiKlcrstainl  tli.tt 
wlicii  wc  SCI-  a  thiiij,'.  as  wc  i,HiuTallv 
^ay.  vvc  I'.c)  licit  actually  see  tlic  tliitiij 
iisfif,  Imt  only  tlif  lijilit  coiiiinj,'  from  it. 
I'iiit  WL-  li;ivi'  liccoino  so  usimI  to  saviiig 
tliat  we  see  the  thin.-,'  itself  that  for  ail 
practical  piiriuises  we  can  accept  that 
:'•■  trite,  allhoiiiih  it  is  not  scientitically 
r\.ut.  Scieiiti ',call\  speakinj;.  we  sec 
that  part  of  the  snnli<,'lit  or  other  li'^'ht 
\-.  llicli  is  shiiiiiii;  upon  it.  wliicli  llie  oh- 
ject  is  ahle  to  reflect. 

I  f  there  were  i")  air  ahoiit  iis  we  coiiM 
not  hear  any  s(,iiii(ls.  no  ni.atter  how 
much  (li'-turhaiice  |>eople  or  thiiiijs  cre- 
.iieil,  hecaiise  it  reiiiiires  air  to  caii--c 
the  soniiil  waves  wiiich  proihice  souii(l. 
,iiiil  air  also  to  carry  the  soniid  waves 
to  our  ears.  In  the  same  way.  if  there 
i^  no  liL,'ht  to  produce  ht;lit  rays  from 
,Miy  ^iveii  oJiject  to  our  eyes,  we  can 
ee  nothintj.  It  require^  lis^'lit  waves  to 
proiluce  the  reflections  of  ohiecis  to  our 
•\(-,  W'ili-.out  liiriu  our  e\e--  and  thi'ir 
dilicate  organs  are  useless,  ^^nl  can- 
not see  yourself  in  a  mirror  wlnti  the 
i|Uicksilver  whiidi  was  once  on  the  hack 
o:  the  ijlass  has  heeii  reinii\<d.  hecaU'-e 
there  is  then  tiolliini;  lo  relied  the 
liidit.  We  can  onlv  see  thini;s  whni 
there  is  li,i,'llt  enoU!.;h  almut  to  retlect 
thinijs  to  our  eye<.  When  it  is  dark 
tiiere  is  no  liijlit.  and  that  is  the  reason 
we  cannot  see  anvthini;  in  the  dark. 

Why  Can  Cats  and  Sonic  Othrr  Animals 

See  ill  the  Dark  ? 

I  lie\  c.innot  -ce  in  the  real  dark  am- 
more  than  human  heinijs.  These  ani- 
mals can  find  their  way  in  the  dark 
and  can  see  more  than  a  human  heiiis,'. 
hecause  of  one  distinct  ditference  in 
their  eyes,  which  may  for  them  he  con- 
sidered an  advantage.  The  pupils  of 
their  eyes  can  he  ma<le  nun  h  larmier, 
and  they  can,  therefore,  let  nmre  liirht 
into  their  eyes  than  iieople.  The  ii'^ult 
is  that  when  it  is  so  dark  that  \ou  can- 
not see  a  tllint;  and  you  deciile  it  is 
reallv  ilark,  the  cat  can  still  see,  he- 
cau 


-ft. 


•e  there  is  always  a  little  more  liijlit      keepi 


eyes  and  make  them  larjjor,  thus  letting' 
in  more  li.t;ht.  and  the  little  hit  of  lijjlit 
there  is  still  left  jjets  into  her  eves  and 
--lie  is  ahle  to  see.  Hut  in  ;i  reallv  ilark 
room  a  cat  could  see  no  more  than  voii 
ciiti.  Vou  see.  oi'.r  eyes  open  and  shut 
more  or  less  just  like  tho>e  of  the  c.it. 
accordini;  to  the  intensity  of  the  liijht. 
When  you  i;o  out  of  the  dark  and 
shaded  room  into  the  liri^ht  sunlight 
and  look  at  the  sun,  you  natnraliv 
s<i  lint  your  eyes  without  deliheralely 
intendinj,'  to  do  so.  This  is  nature's 
way  of  prevciUiii}^  too  much  Wjihi  Kct- 
lins;  into  your  eyes  ;it  one  time.  ( irad- 
ually  the  jiupils  of  your  eyes  contract 
aiKi  ijet  smaller,  until  you  can  see.  with- 
out s(|uintiii^',  .anythin.i,'  in  the  sunlight. 
If,  then,  yoa  were  to  j,'o  rif;ht  hack 
into  a  dark  or  >iiadcil  room,  you  would 
have  to  wait  a  inoment  or  two  hri'ure 
you  could  see  thiiij;s  distinctly  in  the 
room — until  the  pupils  of  your  eyes 
had  dilated  (  hecome  larirerl.  so  as  to 
let  in  e!loU!;h  li.i;lit  to  en.ihle  you  to  see 
normally.  The  eye  antoniaticallv  en- 
liTjjes  and  contract^  the  ]ni|iil  nf  ilie 
I'ye,  to  eiKihle  us  to  -ee  distinctlv  in 
r'lher   liL;llI    or   u--   li^ln    ).I;icrs, 

Why   Is   It   Diffifiilt   to  Walk   Strai^'ht 

with   My   Eyes   Closed '. 

riie  n;i^.  .11  we  lani'ol  dn  thi~  .alwav^ 
1-  hecause  when  we  walk  iiaturallv  the 
^teps  taken  hy  our  rij,dit  ami  left  feet 
are  not  of  equal  lenijth.  This  ditterence 
ill  the  leii'.'th  of  the  steps  is  due  to  the 
f.'ct  that  our  lei;-  .in-  never  exactK 
the  same  len.ijth.  We  think  of  tluiii 
.L,eiierally  as  of  the  s;ime  leni^tli.  hiit 
they  are  not,  and  this  will  he  iirmrn  if 
y<ni  measure  them  .accurately.  Xow, 
then,  the  lonsjer  of  the  letjs  will  alwa\s 
l.ike  a  loii<;er  step  than  the  shorter  one. 
.'lid  so,  if  our  eyes  are  shut,  we  walk  in 
circles,  unless  we  have  sonietliin^f  to 
irr.ide  us.  When  we  walk  with  our  eves 
<'pen^  we  .ire  .ihle  to  overcome  the 
tendencv  to  walk  in  circles.  hec.in--e 
our  exes  lielp  the  hraiii  to  direct 
llie  lei,'s  on  a  str,iii,dit  course,  .\iiotlier 
reason  which  atTects  the  in.itter  i- 
that    our    eyes    ;ire    verv    necess.arv    in 


iiid  she  can  open  the  pnpi 


N  of  1 


ler 


t(  et. 


11),'    our    hodies    halanced    on    our 
and    it    i-.    verv    dit'ticult    to    learn 
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*lii-i-il.  .\(i\v.  wlk-ii  your  cvfs  arc 
>!i»ii|  .-mil  ynii  amiii|.i  Id  w.itk  in  a 
>traij;lit  liiK'  ymir  hoily  lialancts  fnmi 
mil'  >uW  to  tin-  utiiir.  and  tliis  tact, 
Kiuiikd  wiili  till'  tirst  ri'a>()n  jjiviMi, 
niaki>  \(Ptir  i-()iir>t'  irro^nilar.  Hut,  sav 
\<<u.  tlif  nian  on  iliu  ti.tjiii-riiiii-  has  lii- 
i-\i-  liamlaycil  ami  lie  walks  ;i  very 
>tiaii;ht  lini'.  ^■^.■s  :  lint  riMiK'nihi-r  that 
lit  ha>  a  stmishi  tiylit-roin-  to  jjiiiili- 
li;ni.  anil  all  \u-  mnls  is  to  tiiaiiitain  his 
i>a!ancf.  (  H\r  cm  learn  to  walk  in  a 
;-lr.iii.'ht  line  with  the  eves  dosc.l.  hut 
it  takes  ,i  t,'oo<l  (le,il  of  jiraeticu,  as  you 
"  '11    learn   if   \  oti   trv. 

Why   Can't    We    Sleep   with    Our   Eves 
Open  .' 

We  (.annot  sleeji  with  our  e\es  ojien, 
I'eiause  to  he  asleeji  involves  losiiifj 
control  of  most  of  the  functions  of  the 
I'ody.  When  we  sleep  the  hraiii  sleejis 
also.  IVrhajis  it  would  he  stated  more 
clearly  to  -.ly  that  we  cannot  sleep  while 
the  part  ()f  the  hr.iin  which  controls 
our  .activities  i<  awake.  There  is  a  p.art 
of  the  hr.iin  which  li.is  the  power  to 
o].eii  our  eyes.  i.  e..  lift  the  evelids. 
an<l  when  th.at  portion  of  the  hr.iin 
Ceases  to  exercise  its  power  to  keep  the 
eyes  open,  they  ijo  shut.  I'.ven  wlu  n 
we  ari'  .iwake  that  jiart  of  our  hrain 
caiuiot  keeji  our  eyes  from  wiiikin-:. 
hec;iu--e  there  is  anotln'r  p;irt  of  ilie 
hr.ain  which  -ees  to  it  that  our  e\iv 
uink  e\er\  ^o  often.  This  is  done  for 
the  purpo-e  of  w.ishinjr  the  eye-hall, 
and  is  the  .answer  to  another  of  your 
euestions  which  is  ■.'iveii  in  .another 
pi.ice  in  this  hr.ok  When  the  euyiueer 
at  the  electric  liijht  pl.int  shuts  r,t"t  the 
power  all  the  li-hts  ;■„  nut,  and  when 
y<  u  ^'o  to  sleep  you  automatically  shut 
oil  tlie  power  th.at  opens  your  e\es,  ;md 
the  e\es  ;ire  shut.  Tlu'  hr.iin  is  asleep 
.'Iso,  .and  if  it  is  not  completelv  as|ee|i. 
\i:u  .are  restless. 

Why  Do  Our  Eyes  Sparkle   When   We 

Are  Merry  ? 

If  \ou  shiiuld  watch  Vers  closelv  the 
e\e<  of  a  merry  ptT<on  when  vou  see 
th.em  sparkle  vou  wcsuld  pro!i;i!>h-  Tmtice 
that     the    evelids    nuive    uii    .md    down 


more  oiteu  under  siuli  condiiioiis  th.in 
onlin.irily,  ;md  if  \(pu  know  wh.it  mov- 
ing; the  eyelids  uj>  and  down  in  from 
of  the  pupil  of  the  eye  does,  vou  will 
have  your  answer. 

I'.very  time  the  eyeli.l  comes  down  it 
relea.ses  a  little  tear,  w  Inch  spreads  over 
the  eyeh.ill  and  washes  it  de.ui  and 
hriijht.  It  <loes  this  every  time  the  eye- 
lid comes  down.  Now,  there  is  somc- 
thinjj  ahout  heiui;  luerry  which  li.is  ihe 
effect  of  makiiiK-  the  eyelids  d.ince  ui> 
and  down,  and  tluis,  (very  time  the  lid 
comes  down,  the  h.ill  of  the  e\e  is 
\- ashed  cle.iii  .and  hri;,'h  and  j;ives  it 
ihe  .ippear.aiue  of  si),irklin.ij,  as  we  say; 

Why  Do  We  Laugh  When  Glad  ? 

\\  e    I.iiil;!!     when     u:l.id    Inc.iUse    the 
lhinf;s    which    m.ike    lis    lam,'li    comhiue 
loL,'ether    to    voiise    those    parts    of    the 
hod\-    which    .ire    involved    in    .a    ijood 
l:'Ui,di  to  act  in  a  cert.iin  h.arinony.  ,ind 
w  hen  this  comhinatiou  is  arr.iuijed  in  ,i 
ctrtain  way  it  proiluccs  ;i  ]:iw^\]      Cir- 
tain  thin.ijs  in  the   worj.l.  v.lulli.r  tliev 
.•ire    funny,   ludicrous,    or   oilier    tliini;s 
ll'.it  produce  the  lau.i,diinL'  effect,  c.iuse 
the  hrain  to  work  certain  nuiscles  .and 
nerves  in  a  coiiihiu.atiou   th.at  produces 
.1  lauuh.    The  impressinn  which  reaches 
the    hr.ain    causes    these    muscles    .and 
nerves    to    ,act     invohintarilv    ,and     the 
kui^h   comes.      It    works    ju'<t    like    llie 
ke\s  of  tlu'  jiiano.     Some  comhin.itimis 
of  tiotes  produce  s.ad  sounds  and  other 
<-omhin,itions  produce  jjlad  sounds,  hut 
llie  conihin.ation  when  once  touched  will 
,'Iw;i\s  produce  the  same  sound.      It   is 
the     impressions    m.ade    on     the    hr.iin 
which  start  the  proper  comhinatiou.  .and 
it  iloes  this  instantly,     fust  a  ;  a  pin  |irick 
in  the  .ariu   will  .at   once  send  .a  ■'hurl" 
message    to    the    hr.iin    .and    cause    the 
hr.ain  to  jerk  the  ,arni  .iw.av.  so  a  lauyh- 
pniduciuj;    comhiu.atiou    of    sounds,    or 
lhin.s,'s    we   see.   or    feel,    sends   an    iiii- 
jiressiou    to    the    hr.iin    which    ,at    once 
si-nds    out    the    "laui,dr'    order.      .Some 
ihiiiKS   make   some   people   I.auijh    while 
they  do  not  .all'ect  others  ,at  all.     That 
is   hec.iuse  our   hr.ains    are   not    alw.iys 
Ihe  same  in  rejirard  to  recordiny;  impres- 
sions.  Some  iliiui^'s  imp.ress  some  hr.iiiis 
one   w.av   .and   ..th.rs   rnti'-eh-    in    .a    fhf 


i 
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fi  rrm  \\,i\  (ir  lint  at  all.  \^\u  An  not 
l.aiL;li  Ml  luartil,  the  m\xiiic1  tiiiio  you 
hear  a  fiiiiii\  -imv .  luraiiM-  the  iiii|)ri>- 
Mon  the  hraiii  nvcivi-s  when  the  storv 
is  told  the  seeiiiiil  time  is  not  so  viviij. 

Why  Do  I  Laugh  When   Tickled? 

I'railKal!)  ihr  --anir  tliilli;^  ha]i|ieil 
wiu-ii  \M-  all'  lukkij.  ami  exjilains 
\'.!u  \(ni  laiiL;h  wlnii  litklni  \\'lun 
-iiiijc  (iiir  tiiklr-  the  hottoili  of  \oiir 
till  (ir  \niii-  rili^  or  another  part  of 
>our  hody  it  iiroilnees,  in  most  cases, 
the  same  effect  on  the  hrain  as  the 
laiifili-pnuhicini;  sound  or  si<rht,  and 
arouses  the  same  comhination  of 
iiniscKs  and  nerves  to  aetivitv.  It  i- 
jii-I  Hlse  pu-liinu'  the  hntton  of  an  elec- 
tru-  hell.  When  ynn  Jpil-h  t1ie  hntton 
the  eniitact  produces  the  ^park  which 
•ets  the  maeliiiu-ry  of  the  heh  in  motion 
and  the  lull  rinj;s  and  will  continue  to 
rinj,'  as  Ion;,'  a>-  \nu  keep  your  tin,t;er 
I'll  the  hntton,  or  until  the  spark-pro- 
''iicini;  power  of  the  halters  i-  i^niie. 
Then,  as  in  the  ca-e  of  the  hell,  wni 
eea-e  to  laiiuh,  hecause  the  s])ark  that 
produced  th<-  lant;h  comhination  is  <;')ue. 
i  hat  is  \\h\  some  thin,t;s  tickle  some 
people  \ei  much  and  do  not  atTect 
oilur-  Sonic  are  not  so  ^t-n^ilixe  to 
tile  lauLjh  prodnciiiL'  comhination  as 
others,  .\fter  the  tliiii<,'  that  tickles  vou 
lias  lueti  ijoins,'  oil  for  some  time  \(iu 
are  not  tickled  into  l.auuh.ter  am  iiU're. 
hecaUse  the  iiiipre.-ii  iii  on  the  hrain 
eea--es  to   he   a^   strong,' 

Whv    Don't    I    Laugh    When    I    Tickle 

Myself? 

N  nlir  mind  telK  \nu  there  is  nn  need 
I"  liilLlh  when  \Mii  tickle  \intr~elf. 
^  our  mind  will  not  n-pond  to  the 
ticklinp  sensation  when  it  is  .aware  that 
the  cause  of  the  tickle  is  yourself.  The 
rttlcx  action  of  the  miinl  which  causes 
lau^htc  and  siiuirmin^'  when  some  one 
else  tickles  vou  oiiK  aits  when  it  i-  not 
conscious   of   the  cause. 

The  whole  purjiosi'  of  tlu'  sen--il'\c 
oryaniz.ation  of  our  skins  is  to  i;i\c  iis 
information  and  cause  action  which  uill 
enalile  n^'  to  nrntect  onrselv'-*^  v.h.en  ap.\ 
oiit-ide  influence  totiches  if;.  \n  inju- 
rioii'-  loneh  causes  shm-k  and  pain,  and 


the   h.iriiile>s  tickle  aron^ex   the   lau.t;h- 

in;;  and  si(iiiriiiiii;;   sensation. 

What  Happens  When  We  Laugh? 

I.aii';luer  i~  aIkiI  >■,  i  call  a  relle.x 
action.  When  someth.nj;  occurs  to 
m.ike  us  laiif^h,  whether  it  is  ^omethin.!,' 
ue  see.  fir  feel,  or  hear,  it  is  lurause 
certain  sensory  nerves  receive  an  im- 
pression in  one  of  three  wav--,  carrv 
it  to  the  nerve  centre  and  the  nerve 
centre  tiien  sends  the  sanii-  im])ression 
alon;,'  cert.tin  etUreiit  nerves,  which 
connect  with  certain  muscles  or  glands, 
.and  excite  them  to  .activity.  The  action 
i.  ]ir;ictically  the  same  .as  when  you 
hold  .1  hiihx  hefore  a  mirror.  The  r.avs 
from  the  liyht  strike  llu'  ^iirlaca'  of  the 
mirror  and  .are  reticited  hack  from  the 
-iirface.  liuhtini;  perhaps  corners  of  the 
room,  which  the  direct  r.avs  from  the 
]il;1iI  c(puld  not  rcacli.  all  de]iendin;.; 
I'lion  the  an^le  of  reflection.  I.ii^ht  will 
.alw.ays  reflect  from  a  mirror  th.at  i^ 
e\]iosed    to    it. 

Xow ,  then,  w h  n  \on  see,  lie.ar  or 
'(I'l  .anvtliin.i,''  that  ni.akes  von  lant;h.  the 
■-i-iisor\-  iier\e-  ha\e  oiilv  to  receive  the 
impres-.ioii  to  hrint;  on  the  exjilosiou  of 
l.iU!:,diter.  Soiiiethin;,''  touched  the  lau^h 
iK'r\es  or  the  laiiLih  triL;;4er  th.at  caused 
It  to  ^'o  olf,  \,,\\  can  pio\e  th.at  it  is 
.a  m.atter  of  iinpre---ioii  entirely  hv  not- 
in,^'  th.at  some  ]ienple  can  listen  to  ,i  per- 
fectly funny  -lor\ .  e\eii  wluii  told  In  ,; 
clever  performer,  and  i\e\er  I'r.ack  i 
•mile,  while  other-  hur-l  into  niicoii- 
iiMllahle  I.an.yhte  .  an(l  he  who  does  not 
c  \  (  n  -mile  m.iy  he  listeniiii^  even  more 
irteiitl>'  th.an  the  other  — he  niav  even 
he  lookini,'-  for  a  l.iU'^h.  It  :di  depends 
upon  the  impre--i(>n  th.it  is  m.ide  upon 
the  i:ei\i-.  1  he  mn--cles  h.avc  the 
power  to  exprex-  the  sl.iic  n\  i^ladlle-- 
wliicli  i-  indicated  hy  l.an^litir  when 
cerl.iin  impre--ion<  |i,a-s  .aloni,'"  the 
ner\e-  which  oper.ite  tlieili.  just  a>  tlie\ 
can  he  ni.ide  'o  do  other  things  when 
llie  proper  caii-e  lor  ac'tion  is  shown 
them 

Why  Do  We  Cry  When  Hurt? 

We  crv  when  w  ;■  are  hnr!  for  'lie 
-me  re.ason  th.it  we  l.au^li  when  wc 
are    ,L;lad.       The    nuiscle-    and    nerves. 


WMIkl     ()<)    ri  ARS    LOMI     IkOM? 


i.iuU'r  ilic  iliriMii.ii  of  ilu'  brain,  pni- 
<!iur  till'  cry  jtl-t  ;is  tla-  imisck-s  and 
lurvis  prn,liK-i'  laughter,  altiioiij,'!)  tluy 
ari'  ]in>t)al)ly.  Imt  imt  iHr(.-s>arilv.  a  ilit- 
tirctit  si-t  (It  iiuimIcs  aiiil  iii-rvi-s. 

W'luii  wu  arr  hurt  in  atiy  |iart  of  <iiir 
lioiiv   or    fi-olinijs   llio    iiii|iri>sioii    doos 
not  al'U\t  ns  until  it  n-aclio  tlic  brain. 
I  lull    in>tantly,    of    cour-ic.    tlu-    bodv 
and   brain  .!l;o  to   work   to  ilvstroy   tlu' 
[■ain.      riu'  I'lrst  tliiiij,'.  of  i-onrsi-,  is  to 
'/nv  a   warninj,'  to  oti-.cr  parts  of  tiio 
liody  tlial  tlii-ri-  is  a  linrt,  and  our  crv- 
in.U'   is  a   warniiiiL;   to  otiur  ]n()|ik'  that 
wf  arc  Imri.    That  i-  i>robably  tlu-  onlv 
cood    that    cryiiii;   docs.       It    docs    mit 
remove  tlic  hurt— it  only  tells  others  of 
our  troubles.     \Vc  cry   with   the  lower 
I'.irt  of  the  brain — tlic  only  portion  of 
ilic   brain    which    is   active    in   a    little 
haby.      This   is   why   even   a   tiny   babv 
c:,ii  cry.      C'ryiiii,'  is   the  only   thinjj  a 
baby  can  do  to  },dve  warniiij,'  of  its  dis- 
tress or  discomfort.     Later  in  life  the 
upper  part  of  the  brain  develops.     This 
i-  the  UKi'-ter  of  the  lower  part,      ilicre- 
lore.  we  ilo  not  always  crv  when  hurt 
as  we  jjrow  older.  becau~c  the  master 
brain    sonietinies   tell>   the   lower   brain 
that  to  cry  will  not  hel]i  matters  in  the 
hast,   even   thouijh   we  arc   incline.]    to 
crv.     Sometimes  the  hurt   or  shock   tn 
•  older    )icoplc    is    so    j,Tcat    or    suddiii 
that   we  crv  out  before  the  controllim,' 
p;.rt  of  the  brain  li.-is  had  time  to  {^1 
i"   its   work   of   iircventini,'   the   ontcr\-. 
but   We  are  able  to  stop  cryinj;  when 
the  master  brain  aijain  secures  control. 

Where  Dn  Tears  Come  From  '. 

Tears  are  not  macle  oiiK  wluii  wi- 
cry.  They  seem  to  come  only  wiieii  volt 
cry.  bec.-ai'-e  it  is  ihen  tliat  they  NpiH 
o\er.  \  little  part  of  yon  is  making' 
lcar~  .ill  the  time,  anil  voiir  eves  are 
coii»Ianllv  wa-hiii!,'  themselves  in  them 
S'ou  liavi'  often  noticed  how  yon  wink 
everv  few  second-"'  \i<\\  have  oj^ten 
tried  to  keip  from  uinkimj — to  see 
I'fiw  loniL,'  you  cnnld  keen  from  wink- 
in;:.  Ilovs  and  '/\rU  often  ilo  that,  and 
•vhen  you  kci'p  from  winkint;  what 
seems  a  loni;  time,  yon  notice  how  vour 
e\cs  ache  .iiid  'eel  very  dry  just  before 
von  have  to  let  them  wink,  in  spite  of 


Imw    iiard    yon    try    not    to,    and    just 
when  you  think  you  are  not  i;oinj,'  to. 
1   will  tell  you  jiist   what   winkiu},'  does 
lor  the  eyes.     .Ml  of  the  time  your  eyes 
are  open  the  front,  or  the  part  you  see 
things  with,  is  exposed  to  the  dilst  and 
dirt  that   fills  the  air  at  all  times,  al- 
lliouj,'h  we  camioi  always  see  the  dust. 
I  he    wind.   too.   is    constantly    niakiuf,' 
them  dry.     I'.ut   li.ive  you  ever  noticed 
that   .ilthonyh  yon   never  wash  the  in- 
side of  the   front   of  the  eye,  or  pupil, 
il  is  alwa>s  clean?     Well,  it  is  because 
\(iur  eye  washes  itself  everv  time  \iin 
wink.     1  will  tell  you  how  this  is  don,- 
I  p  above  e.icli   eye.   inside,  of  course, 
there  is  a  little  >,dand  called   the  tear- 
i;land.      This  j^Iand  is  busy  all  the  time 
>ou  are  aw.ikc  making'  tears.     .\s  soon 
as  the  front  of  your  eye  becomes  drv. 
or  if  ,1  p.irticle  of  dust  or  anything  else 
strikes    it.    the   nerves   you    have   there 
till   the  brain,  and  .-ilinost  .at  once  the 
evelid   comes  down   with   a   te.ir   inside 
ot  it.  and  so  w:ishes  the  frmit  of  \onr 
eye  clean  again.     It  dues  its  w,,rk  "per- 
fectly and  ;is  often  as  necessary.    Iherc 
is  always  a  tear  ready  to  be  used  in  this 
wav. 

Where  Do  the  Tears  Go  ? 

I.r!  iiir  -\'."\\  \(in  I. link  right  down 
birr  .It  thi-  inner  corner  of  mv  evelid. 
V  hire  \(.n  will  see  a  little  hole.  'Th.it 
I-  where  the  tiar-  L;it  <<\\\  .if  the  esc. 
when  tlu\  it.ivi'  washed  vour  eveball 
.le.in  Where  do  they  go' then  ?  Di.! 
\"U  ever  notice  how  soon  .after  you 
cry  you  have  to  blow  \our  nose?  The 
reason  for  th.it  is  th.it  when  the  tears 
L'o  through  the  little  hole  thev  run 
down  into  the  nose.  This  making  of 
li-ars  ;inil  winking  goes  on  all  the  tiim- 
while  von  ;ire  aw.ake.  and  .after  th.v 
w.-ish  \our  e\e  off  thev  go  on  nut 
through  this  little  hole,  lint  when  vmi 
cry  you  make  more  tears  come  th.ni 
\ou  need,  so  many,  in  f.ict.  that  tluv 
cannot  all  get  away  through  this  little 
hole.  and  .is  there  is  no  pl.ac  .Ke  f.  ir 
them  to  go.  and  as  there  is  no  pl.ice 
Ic  keep  tluMU  inside  the  eye.  thev  siniplv 
si-ill  themselves  ri^dit  over  Ihe'edire  of 
vour  lower  eyelid  .ami  run  down  \-onr 
.beek 


STOin     IN    \    I',\Rlv>ri.   ()(■   CI  MINI 


Ston    in    a    Barrel    of  (dement 


What  Is  Ccnu'iit '. 

riic  iluiiDiiary  ti'lls  us  tliat  ccnu'nt 
is  "any  adlu'sivi-  siibstaiKc  which  iiiakis 
two  hdilii.'^  ciihiTi'."  I'hiis  aii\  iiiatiTJal 
liirl'orniiiii,'  litis  tiiiKtion  may  be  fallcil 
iinu-iit,  siit-li,  f(ir  i-xampk',  as  tlu-  cc- 
iiKiil  ti^i'<l  in  inrniliiij;  broken  china. 
(  Mnc  also  is  a  form  of  cement.  I'his 
>tory  has  to  do  with  I'ortlatiil  cement, 
which  is  a  structural  or  Iniildint;  ma- 
te rial    u-ed    in    countless    \va\^ 

VHiy    Is    Cfr.icut    Called    Portland    Cp- 

IlU'Ut  '. 

.\IIer  lieiiit,'  wet  with  watir  it  hard- 
ens into  -tone.  ;ind  it  wa^  i;i\en  the 
name  'd'ortl.nid"  because,  wlien  t'lrst 
i.'atuif.aclnred  in  I'.n^lanij.  and  mixed 
with  ■".ind  .and  •-lune.  it  re-einhled  a 
I'elebrated  huildiiii,'  stone  called  I'ort- 
ImuI.  which  was  obt.ained  from  the  Nle 
iif  I'onlind.  ('om|iared  with  other 
.\ineric.in  imln^tries.  the  m.inn t.ictnre 
(if  Portland  ci-ment  is  nf  reient  origin. 
h'onnerl\  all  I'ortland  cunnit  w.w 
iToULrht  I'rum  forei.!,'n  countries.  ,\fter 
^i.ri-e~~i'nl  tnamifacture  became  estab- 
lishi-d  in  thi^  conntrs.  however,  the 
indnstrv  ailv.anced  with  'jre.it  r.-ipiditx. 
\  few  \e.irs  a'.;o  the  entire  I'll'teil 
"states  did  not  ii'-e  a^  mneh  eeint'iil  ;is 
is  now  usecl  in  any  one  of  our  larije 
cities.  \t  the  time  the^e  facts  were 
written  I  I'll  )  I  tl'.e  in.inn  f.ictnrer--  were 
n.akinj^  more  th.in  mo  million^  of  b.irrels 
.1   year. 

V.'hat  Is  Cement  Mnrie  Of? 

I'ortland  cetneiU  i^  <iini|io,rd  (  Itiellv 
•  ■<  hme.  alumina  ami  silic.i  It  i-  m.inn- 
factured  from  rocks,  m.irl.  el.iy  .iiid 
sh.alc  containinsj  these  inijredient-  1 1 
any  one  of  them  is  l.ackin^  m  the  r.iw 
n'aterial  as  it  is  taken  from  the  e.irtii, 
il  is  supplied  durint;  proce~^  of  iii.iim- 
f;.ctiire.  'i'be  srreatest  cement  district 
in  America  is  in  Pennsylvania.  :'.n<l  is 
i^nowti    as    the    "Lebiiiii    l)i>liKi  .v 

rock  cout;iininir  iiroper  constituents  lor 
Ui.-ikinu'    I'ortlind    cement     was     fomid 


there  m  vast  ijU.intities.  .and  for  ;i  mini- 
her  of  years  tiie  Lehi^di  I  )islricl  was 
ihe  center  of  the  industry.  In  time 
il  w.is  found  that  cerl.iin  clays,  m.iils 
;ind  shale  coulil  ;dso  be  tn.imifaclnrecl 
into  I'ortl.anil  cement,  and  lluis  milK 
I'.ive  been  erected  in  all  sections  of  the 
I  'nited  ."Stales.  (  )ne  of  the  l;ir};est  com- 
I'.inies  in  tlte  rnitcil  ."^t.ates  found  that 
cement  could  be  m.muf.actured  from  a 
combination  of  bl,ist-furu.-ice  slat;  .and 
1  luestone,  ;md  this  is  now  tn.ide  bv  the 
Kiinp.any  in  l.irire  i|urmtitie'-.  the  jinnlnct 
l.eiiii,'  :\  true  I'orll.ind  cement. 

Vhat  Is  Concrete  '. 

I''>rll;md  la'iiient  is  the  --trongest  an<l 
iiio^i  lastini;  of  .all  modern  mortars  or 
bnidini;  materials.  When  mixed  with 
-ami  .and  stone  the  residting  mixture 
i-  cdleil  concrete.  Peini;  a  ])l.astic  ma- 
terial when  tirst  mixed,  it  camiot  be 
r~ed  ,is  we  use  brick  or  stone,  but  must 
l/i-  lumred  into  molds  or  forms,  which 
hold  it  in  pl.-ce  until  it  hardens  into 
rock.  It  may  l)e  cast  in  any  form 
I'Y  -li.ipe.  .and.  thus  it  is  useful  for  .a 
\,;-t  nnmlu-r  of  purposes.  It  will 
I  arden  nndrr  w.ater.  .atnl  time  and  ex- 
posure to  tin-  eliMnrnts  merelv  increase 
It-  streiiLjth.  I  lie  n!o,-,t  coiumon  form 
in  which  it  is  u^vi],  one  famili.ir  to 
ivi-r\bodv.  is  in  the  construction  of 
siclew.ilks.  il  ix  n~ed  in  .ill  L;re.il  cn- 
-ineerim:  ]irojects.  such  as  the  build- 
inL:  of  dams.  bri(I.<,'es,  retainiu'.;  w.alls. 
sewers,  subways  .and  tunnels.  I'lcin-; 
I'lrejiroof.  larjje  (|n;intities  of  it  ;ire  used 
in  buildinjj^  and  likewise  on  oi-r  f.arms. 
where  it  is  extreinelv  v;iln;ihle  as  an 
I  iiilurini;   and    sanitarv    inateri.il. 

What  Is  Cement  Used  For? 

it  has  hoen  -aid  tli.at  concrete  is  a 
plastic  m.ateri.al.  meaning;  that  it  is  soft 
.mil  pliable  in  the  sense  th.at  clav  or 
putty  are  pl.istic.  I'or  this  reason  it  is 
cast  in  forii!>  or  molds.  .Sonietinu-.s  it 
is  used  in  the  form  of  plain  concrete. 
and  on  other  occasions  it  is  reinfonad. 


WMM    A   CI  MINT    MILL   LOOKS   LIKR 


Tills  IS  a  picuirc  ..I  a  crmrnt  mill.  Milii.nu  r>f  ilniiani  arc  invc«tc<i  in  tiicw  great  mills,  which  arc 
11. nv  united  in  practically  all  srcli.ui*  ..f  the  <.>'Untrv.  Material  is  hruunht  (r..n>  the  .|iiarry  t.>  the 
mills,  nhcio  It  passes  ihr.iiiRh  various  staKes.  such  as  Krin.hiis.  hurniiig  an.l  lianuinK.  Expert '  chemists 
irc   emiil.iyeil    t.i    See   that    the    cement    is    iiiaile   exactly    risht.      It    is   a    very    sciemitic    matter    to   make    a 

'h"f"iiKnlv    K I    cemeni         There    must    he    n..    (luess    »..rk        Simie    mills    are    verv    large,    the    plain    com- 

prisMiK  a  I'unihrr  <>f  liiiil.liiiits.  an.l  some  cnipanies  ..pirate  several  mills  in  .lilTerent  l.aalities.  .\  single 
...niiwnv  Mii.plieil  all  ..(  the  cement  iise.l  in  ihe  I'aiiania  (anal.  «hich  great  pr..ject  rcniire.!  mere  than 
MX    miiiinn    harrels. 


Tin's  nirturc  shnws  a  onarrv  in  the  famous  I.ehigb  remrnt  Histriet.  The  giant  steam  shovel  nr 
evcavator  b-irrow-s  i»itn  the  hi'l  liVc  some  prraf  animal,  .inrj  when  the  Imeket  is  full  it  is  dumped  int.. 
the    cars   sho'.rr    —    **--    tr:ick     wV.-xh    c.^nvcv   -It    r-'V      r    :}:v    rtu    n^att-ri.-i!    t-i    th^    rril! 


I 

1 

1 


WMiRi.  rm;  matiIvIm,  is  oni mmd 


Tin,    is   an    illnslralinn    „f   a   mcth..,l    of   rxcavatind   a!i,l    l.u.Hni.    lu.r' 
..rllan.l    conu-nl.       ri,<-    large    l,„cl>.-l    su.nen.k-,1    ovvr   li.e    ■  r"    ,l""  ' 


sh.iui,    1,1    ihc    iTccci    111!    i.ictnrc.    hut    ,1,-scpii.  .    lilr.    T  i,,.„      ..     i    ,     ^    ',     fiuuc    imo    the    hilUi,  <■    as 

d..M„«  liu  H„„rs.  T.,e'io„,';i,..;;'Ktu^i';:  lh;^hnckc;'^-,r::in«"li  t!;^r";'^'^'.^?;"„/"r;:;i;"'  ^"'' 


rinhl 


\»;^Jn-brui.,rf„«.,;nua;   J'Xwn   m"„;.;^,li;^i^ki,o,i:"'.„i^'Zi,;/i^e    n^M  r^'p^dim!;;;;^  'JS4 


f 

tl 

l^ifii 

n 

hI 

B 

1M!     Ml  (il     UiKh    <iklM)i  i^S 


trt  a   \crv   J:nr   p"W«lfr.      Tlirrc  arc    vari«»n!>  tvpt!'  of  mil!?   'ir   priii'kTS.  tn    whuJi    llu*   niau-rial    come*   aftir 


I  I--  r.1,1,  i>  .i  viry  inij-.trui.t  ftdiurc  ..i  lU  miJtui  (-la..i.  TIu-  nnelv  Rrnmul  raw  matrrial  niu«it 
f't-  «,tl..ii'-t  -r  li'.irnc'l  Iit-fort-  it  hccomcs  I'ortlanf!  cement.  These  kilns  ranne  fmm  'm  tn  .'40  fret  in 
I».nyt..  I  iw-v  nr.'  sliifhTlv  Mirlinp.l  a"'!  rrv"U-e  up'-n  r-'ller?-  Th*-  hr^ek-  ffrn';!!-'.  rr..-itrr::i!  (ntrrv  :he 
kiln  at  tht  upi-er  en<t  an-i  travels  tlir-myhoul  its  leriLtth  as  the  Ki'n  -^l.-wlv  revnlveit.  I'livvdcre.l  cda! 
<iu*t  !*■  f*'l  into  the  kiln  at  the  lowtr  cii'!,  where  it  is  ignite. I  aii'l  ifrnt-ratrs  intense  hent.  Whrn  the 
finely  Kroiin'I  raw  material  tnmes  intit  contaet  with  the  heat,  whiili  reaches  ^i^nn  flc«ree«;  ]'..  it  is 
tranvf*.rme<|  int'.  what  1*  known  .i«  rlinkrr.  which  is«.Me<i  fmm  the  lovwr  enil  of  the  kiln  uH'i  is  passed 
on   to  "iher  niachuicry.    whicii   grinds  il  into   imi>alpablc   imwder   or   Turllaiid   cement. 


MOW    CONCRlIi:    IS    Ml\|() 


I 


unl.l    llif    ■■..nl.nl,    arr    tl„,r„„Khlv    n"X.-'   "v™.    f..^.  "?  .'''^   ailclr.l       Ihc    cyl.n.li-r  or    ir.,n    .Inim    r.-v„Ivp« 

Iiilurc-    sli.m.    mixinK    i-,.mret<-   l,y    |,a,„l       Thr   ii.  ?^,,       .  f   ""^'   '"=''>'"?    "'   "   concrilc    mad.      This 

state  an.I  v,b.e,|ue„i*lv  tlu-  »t one  an.T  wat,-r  arr  ^c  1«  <Wr  ,  "';,  "P'  •'■'"■""Kl'ly  mixe.i  in  thr  ,lrv 
that  rvcry  grain  of  si,„!  may  l.e  rm  rHy  ",afr,I  w  h  „mi","",'^  "^  .'^'''''''u'"'  ''•"'■""l!''ly  inixe.l  in  „r,lrr 
".■■rtar,    which    shouid    surruund    en  irery^'.^y    piece   of   sjo^'e  "     ^'■'"  '*"  ^"■"''^""1  ■"^•■'"  ^   rich 


H 


f«    ' 


ij} 


£1 

L 

: 


?T" 


1(111 


now   c()N«.ki  11    i;i  ii.DiNds   \k'i    \\\i)i 


iM'ii   or    v.. 


■  til)    the    ii*r    iif    uhut    urr    Litowti 

.1*     »llii»tl     'n     Ihr     (.1.  IMt'  .     Iirlv.t  t  II 
:[iii..vril.        Ill     ^Milir 
.    ilii-ff    ).    *uili    u    \a«i! 


V 


-c,. 


^    -^  ^      ■»  I 


:-:r:r(t  the    Tan:csta'.vn    Kxpns-ti.-r..      It    is    a    strikinjc 

I   r    5...t!i    1-niamemal   nnd    prartiral    piirp-mr^.      in    no   ("lehl    lia* 

t    economy    than    in    thr    ^an^t^llcti4»n    of    Itri-lRes.    whether    large 

til     the     worM    .ire    ^'iHt     "f    r>MicrrTf,     ntn!    i-i     manv     r:i'ivv     irun 

■  111    frnni    ri  \|iii^' 


i 


f     h     >l.  JI?„„    '  ■""■'■'■";   '""   '"•"■"    "uocr.  f„|lv     ,Vh    i"";^!   ,'^"'    "'    »'",':^    l-"-'.    h<-<.n    encrn.te,l    with 


proof 


of    anil    •lairw 
a(?ain«t    (irc    nn.l    ,|,. 


ays.  and     .here  a  .Iwellii 


tiousc    mav    he   ma-Ip    .if 
IS   con«trurte.!    nf  ihi,   mat.  rial    tl: 


IM'llt.      it 


I 


.1 


HOW  THi:  I  ARM  11^  ISIS  ct)NCki  n; 


watrr 


'Una    is   dr.    ir.urtstii.K 
sirnction.       It    i>    a    lar^'" 
ntviT    uarp.   rust    nr   <l»-> : , 
lias    been    of    Rrtat    sprvicc, 

CMiistrnctrtl  in  llip  furni  "i  K-n^  i  -  ..,  ,.,Mn^.  .»a 
alreaily  statcri,  watrr  tinvs  nnt  atTrct  liie  life  or 
St  length    nf    concrvie,    exctpt    lu    improve 


tiilUUU-      ■■.■-■11 

■vr    which    will 
...   this  fielil   cnticrete 
rthitlitT    reservoirs   are 
nf    tMWtr-*    of     t;iriks.       As 


i  ..;.--  1:^  a  V .  iii.1!.  t-j  --,]-■-  .\  '■il'j  nid'!*'  "'  '■■'1- 
citte  is  nu'fely  a  huge  stone  jar  In  wh-ch  Rret-n 
fond  for  cattle  is  preserved.  The  cmp  is  Kath- 
ertd  and  i»lacefl  in  llu*  siln.  thus  insurintt  atiim- 
(lance  of  Rrn-n  aii-l  wh"lcsome  food  thriniRhnnt 
dry  ^rasnns  and  durins;  the  winter.  The  contrnts 
of  the  sil"  is  Vnown  as  milage  or  ensilage,  and  is 
merely  cm  fodder  cut  whin  grrrn.  Cniirrrte 
silos  are  both  storm-  and  f;rr  proof. 


g5  iSi  »J 


Tt    is    •.■,=-.!s!    t..    .".,:■.-■;.!.  r  ■■^■\1%    WTPnt    pn?inprrinff    pntcrtirisri^.    hut    P.evfrthe1e«« 

manv  milli..n»  <.f  liarriN  ar-  i-  i  •.  h  ^■l•  '■■\  ;nf  fnrmire  of  tlir  t'nitiM  Slates.  This  pictiiri-  shows 
a  tlpan.  --anitarv  and  .'urahlc  cu'icri  If  «ialile.  lii  I'liiMink'*  of  ilii«  rhiracler  concrete  i>  rapidly  sup- 
planiine  »oo,l.   which  soon  goe»  to  decay,   to   s»y   nothing  of  accumulation   of  filth. 


HOW  coNCRrin  roads  arh  hlilt 


'■"  ■  "»M'    M     '  I  MI.M     MIM.K 
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\{)\ 


WHAT   BrCOMHS  OF   THII   Dl  ST 


iroaiiiiiK  lliaf  irciii  rn.l^,  ~tnl  liar-  nr 
\vovn  wiro  ini.>li  arc  iinlK-<likil  in  tlu' 
loncritc.  Wlu-n  we  speak  of  a  "ri'in- 
fnrci'il"  cdiuTfto  ImiMiiii,'.  iiiianiiu-  a 
liii^c  wire  l)iril  ca.i;c  iiicntsti'il  within 
and  without  with  concn-tc.  I'luc  a 
lilock,  licani  or  cokinin  of  i-oiKri.li-  upon 
l!:o  sirouml  and  it  will  hear  a  tremen- 
dous loail.  meaning;  tliat  it  has  fjreat 
streiifjtli  in  eonijiression.  (  )n  the  other 
hand,  if  we  wi. re  to  plaee  a  lonu  heain 
upon  supports  at  either  end.  leaving  the 
^;Teater  length  of  it  suspended  and  w  illi 
out  sui)port.  it  would  earry  but  a  -mail 
load  eonipareil  with  eonerete  in  eoui- 
pression.  i'lierefore.  in  makint;  ^'on- 
erete  l)ea!us  or  girders  in  a  huildint;, 
stroll};  steel  hars  are  eniliedded  in  the 
eonerete  to  take  up  what  are  termed 
the  ten-ile  ^trains. 

Whv  Doii't   We   Make  Roads  Perfectly 

Level '. 

Roails  are  made  with  a  eurvin.i;  ujiper 
surface,  i.  e..  his;hvi-  in  the  middle,  in 
order  that  the  r.iin  will  drain  aw.ay 
from  the  road  into  the  ^'utters  or 
ditches  which  you  lind  at  the  sidi-s. 
\<tu  see  water  has  the  faculty  of  run- 
iiintr  onlv  in  one  direction,  ami  that  is 
downward.  I  f  it  cannot  j;o  down  on  one 
si<k'  or  the  other,  it  will  collect  in  jiiid- 
dles  and  m.ake  the  road  imivissahle. 
hor  this  re.isoii  we  huikt  f)iir  roads  >-o 
they  are  hiy;her  in  the  middle  titan  at 
the  sides — not  nuich  higher:  only  ahout 
six  itiches  or  so — Rivini;  them  just  tlie 
gentle  slope  toward  each  side  that  is 
nece^^arv  to  allow  the  water  to  run  ot'f 
gradually,  hut  sufficiently  sloping  m 
keep  the  water  from  collecting  in  pud 
dies  in  the  road.  Thus  after  the  dti-t 
l:as  l)een  settled  hy  the  first  rain  th.it 
falls.  mo>t  of  the  ■-urplus  rain  that  f.ills 
on  the  ro.id'-  tuially  runs  into  the 
ditchi'>  at   the  -iile  of  the  road 

Why    Are    Some    Roads    Called    Turn- 

jiikes? 

I'liilouhtedly  the  name  turniiike  as 
aii])lied  to  some  roads  arose  from  the 
fact  tliat  pikes  or  gates  were  set  across 
the  roads  1  y  the  keeiior  or  toll-co!lcctnv 
In  addition  to  collecting  tolls,  it  was  a 
part  of  the  toll  ki'eper's  husine^s  to  keep 


llie  road  m  rep.nr.  Ili-  wage- .and  uiher 
<..\])enses  for  doing  this  were  recei\ed 
from  the  tolls  collected  from  the  ]/eople 
who  use<i  the  ro.id  to  riile  on  in  c.ir- 
1  iages,  wagons,  etc.  In  the  c.irK  days 
the  toll-collector  w;is  arineil  with  a  pike, 
a  long-h.mdlecl  weaiKin  with  .1  -.iLirp 
iron  he.id,  which  he  used  to  preM'iit 
I'l'ople  who  travelle<l  hi--  ro.id  fi"m 
going  hv  without  gi\ing  up  tluir  tiill 
I.;iter  on  a  -winging  g.ate  u.i--  luiilt 
.■icro--  the  ro.id.  which  m.id<'  it  nn- 
necesi-ary  to  use  tlie  pike,  though  llir 
nann  was  retained,  for  no  one  conM 
l)ass  while  the  gate  h.irred  the  wa\ 
When  the  jiasserhy  lia<l  paid  liis  toll-, 
the  toll-collei  to-  opened  the  gate  .and 
let  him  pas-.  If  lie  did  not  p:iv  the 
g;ite  remained  closed  .-md  the  driver 
had  to  turn  h;i'-k  or  di-ciile  to  p.i\- 
llriiie  Clinic-  the  n.iiiie  turnpike.  In 
-.■iiie  p:irt-  of  the  country  they  call 
ihe-e   toll   ro;id-. 

What  Is  Dust? 

A  l.irge  p.ivl  (if  the  dust  we  sec  in 
the  ro.idw.iy  wneii  the  horses  kick  it 
lip,  or  when  .111  .intomohile  passe-,  is 
made  11]'  of  the  piiKerizei!  dirt  of  the 
roadw,a\'.  It  hecnmr-  mixed  wt\\ 
other  lliings.  -lu  h  .1-  tlie  -tmi  de- 
posits of  animals.  ]i.irticle<  of  .mvImiii. 
etc  r.articles  of  tllis  dust  get  into 
our  throat-,  and  .1-  there  :irr  iii.anv 
germ-  in  it,  ihev  ,ire  \erv  li.ihle  tn  i:ni-e 
sickne-s.  e-pri-iall\  the  cold-  from 
which    we   -lllTer 

What  Becomes  of  the  Dust? 

I  he  dii-1  of  the  ro,idw.i\  i-  generally 
Mown  awa_\  h\  the  wind,  to  conii-  down 
1"  earth  again  \,herever  the  wind  ha|i- 
pens  to  carry  it — on  the  l.iwiis.  the  door 
stei)S  or  hack  to  the  ro.id.  perhaps,  in 
;iny  event,  the  rain  which  is  cert.iin  lo 
come  sooner  or  later,  w.ishes  this  du-t 
h.ick  in'o  the  soil,  or  into  the  sewers. 
I'an  of  it  mixes  with  the  soil.  The 
otganic  matter  in  dust  tielps  to  fertilize 
the  soil.  ;md  is  therefore  u-eful.  '  >tlier 
part-  of  ilic  dii-l  .ire  nxidi/rd  and  cmi 
sumed  h\  tin-  air.  llinm-h  the  he, it  nt 
the  sun  ^i:  '■'■■'■'■  -^v  '.h.r  dn-t  i-  ■  ■ntm 
u;illv  ehaiiL'ing  from  one  thing  lo  an- 
niher. 


UHV    \\r,   CANNOT   Bl  RN   STONE: 


!(•: 


i^re  Stones  Alive?  ,,          , 

,     ,  '";   ii"l'inn,.l,U    lli,n^^   takrn   ,,ui    ,,i    ,t 

";■■''   -'"'"■^  •"■^-  "">  ■'l'\^'.      lliLN   do  '''""-^ii.niO.  .111.1   till'  charcai   m..^,.   ,. 

|i"t  l.cvoiiK'  >i,j,K.s  until  thrv  lia\r  Ik,  ,,  •'i""'~'  prrtert  in  o.iiMrii.-tin,,   in.in  tlir 

'""■""-■''    "lit-  until    ili.\     liaxr    Ihvuiiu'  ^^an.h.oiiu    ,,,    ,-,,in|,u.ti(,n 

what    IS  Unoun   as   .ka.i   niatt.i-.      Thjs  '  "  >"U.>i-,  !iK- thickiu^ss  ,,l  tlu' >mnlr 

1-    inraiit     nitircly    in    tlu-    m'ii^c    tlia!  "■'""  ■'  ^''wl   lin-  is  Mltcn   inrrcascl   !.■ 

uc     a„lNll,„,l^      think     ..|      tlu      nicaii-  'J"'     "''^'l     "hat     ihriv     aiv     nnluii-iiihr^ 

"'■'^      '"        '''>'       ^^"l''!       ■■.ihvr.-       uhu-h       1>  ■    "',^~      'l'lX'''i      111      Ulth      thr     0,,,|        snlllc 

'"      ^''      -'l''^'      '"      h-r.ithr      ,,11.1      or.)U.  '      \^i"<!'     aU.,     pa^s     ,,II     lli,,.u.'h     thr 

MoiK's       iMii      Mcitlur       liiaathr       imr  'hnniify, 

.Unnv.         I  lies      l„.l,,u-     ti.     liir     ,,iani- 

i.iatc  kinu.loin  .,i    ihm^r,  ,„,  ,i,^.  ,.„.,,  ^^, 

I  .•.rtul...  ,„  ,1,,.  ,io,-u[  niattcr.  foun.l  in  7              ^'  ^"'"   ^*°""- 

-iDius.    ^■u■  .   arc    in    many   cases    taken 


'"""    I'll'!!    ..!i>-!liMi-    that    has 
•';'''■•"'>    '''■'■"   ''iirnol.  aii.l   a    st,„K.   has 


lip    l.y    thin-s    ihai    are    aetuallv    alive  ,     '"  '     '"'"     '"i-"^''!-  •""!   a    st,„,c   h; 

■"^'1   iK-lp   K.    l,,.ni   the   ho.hes   ni    hviii.-'  ,    '■^■"  >.  ''."■"   ''"nie.!.   aii.l   a    -t.iiie   Ik 

thiimv                                                             ■"  '''W  'his  IS  We  iiiiiM  tli-M  rin.l  .Jilt   uha 

Ihe  iii,„i  e..iiiiii,,n  thiiiL;  I.I  !„■   i.,:-i„l  ^ll        I''''^'^'  ^^h.n    a    lliiiio    i.    Imn,,.,! 

in    r.iek-    an.l    M..iir.   i,    ul,ai    j.   ,  .ll,.,|  "    'J    ''""■'^     '-    hiirinn-    it     iiieaii- 

■■Mli,-.,n.-  an, I  ue  lln.l  this  silieon  m  the  '■          '            ''''"  !''""''i'''i-  'lii";,'  is  tak- 

Mrau-,,1   the  u  heai.  ,  ,ats  an<!  eorn    and  "r"   """  ."^   ;>--'>"i    ■'H   <«'   the   uxvt;en 

111  maiiv  .ither  ihiii:;-.,  I,,,!  n,.l  in    ,  u  ,v  Vvi       '  ■''"",             "    '■'"    ^'"iii''''h-    with. 

thateaiihe.l.Uvloi.xoM   hwheinieal  |;„'","     '''''^    ''""^-    ""'^    *'    >■■">""<    'h' 

'1111.1    in    M..n.-s    an     i,,„n,|    „,    u,„Z'  "'" ,""'"""?'' '"''•^'"'■i")  ''nrne.l  ehaii.tjes 

nil-'-,    hilt    r.H-ks    aii.l    -i.„ie.    are    ii.if  ";  '■"•"■"•''■'■       I  iie  el.in,  ,„.  i„  ,.,  .  aii.lle 

nr    ,11   aiiv    sriise,  »  hen    h,i;lne.  1    iiiix    u  lUi    the   ..xvL;eii    in 

till'     ;i  1  r     'I  ti.  1     .  I , .  . , .1  / 


anaJNsi 
Id 

I  111 


What  and  Why  Is  Smoke? 


llie  air  ami  .lisq.i.e.ir  in  tl,,.  f,,,-,,,  ,,,• 
ot  .ya-es.  I  lu-  rKiiients  in  r.ial  mix 
vheii  nre.l  uilh  ..xvi^eii  an.l  ehaiv-e 
iM.i  .adu's.  ^a^es  .ami  sniuke.  \  si,„re 
I'.'ueser,  i.  tl,,.  result  ,,|  a  hurin,,..' 
Il^al  h.a-  ,ilri:i.l\-  taken  place  M,c 
'•n,L;iii,il  , •lenient  ,,i   in.,st  ,,(  tl^.     rocks 

'";''  "''""■-  ^^''  ^'■>'  \V'is  Mhcdii.  aii.l 
"lien  th.il  e.iinhiiics  with  ,,x\i.cii  the 
i-^Milt  is  s.„„e  t.,riii  .,1  r,H-k,  which'  v,,u 
I'.iv  1h'  .dile  1.1  hiaak  up  i,r  llirow.  hut 
uliich  ymi  caiiii.it   Imni  a".iiii. 


Mil. ike   Is   pi-Mdiiccd   ..lil\    uhell    siimc- 

ihinj,'  which  is  heiiii;  Imriie.l  is  Imrnini,' 

imperfectly.      IT    wr   u,r,-   n,  put    .aiiv- 

ihiii-   hurii.alile  iiii.i  ih,.  lire  .aii.l   est.ah- 

'"''    .ill-'    ih,     rii;-lii    .ainiiiiiit    .if    .Iraft, 

■  '"'  '^'1'"    li"^'.    I'l  hiiiM  .,iir  lir,-s  pr.ip- 

•'l^.    'her,-     ui.idd     h,'     nil    s,,„,kr    ;in,l 

\<'r\    lllilr  ashes, 

111    lllc   e.is,-  ,if   the   hi,,,  k    .■..,,1    -ni.ike 

•^li"-li    "V    Ihink    .if    ni.isiK     uheii     we 
ihmk  of  s.n.ike  ,at  all.  the  l.l,,ck  p.irtii.n      What   Is  Fog? 
IS   principally   little   uiihiirii,.l    p,,rli.  I,s  ii,  ,,-,,.       ,  ■  , 

"te„aludiiclipassnplh,.,l,niii.^   u  „h      ,  ,■  '    "'""    7''    '-''•'"'■••'Ilv    think 

-he  .^a-es   .viiic li   ..re   llimwi,    .„,    w  ,  ,     ''7,'  ;;,'■  ^i'"'"^'  "T  ",'"■''  "  ""•   •"^' 

lli>'  coal   ,s  i,cin,  I,„ri„.,|       |  |,,s,.  .,  '     '  ""  ""V''  '"■  ""■''■  '""'v  '"   w.iter 

-""I'l  '"•  invisilile     ,h,.    IV  ,,;■',       ,,/'•'■  '7i  "'^';,  "'^''--   "r   M-   -tam! 

--'''-■     'f    it    w.-ie    ii.i,     ,„r    ,1„     ht    e  ,  ;,'?    "'"','"^   '""■"^-      -^    f"« 

particles   „f   ci.d    whi.h   an.   .hawi       n  '^   """'""-   """■^'  "'"■  '^'^^ 

"-•   '■Ilii-'.HV    with    ,l„.ii  f      ;        .  ■      h'  '\  ':'"•;''•  '■"-  nf  'Inw,,  ,„  earth 

•-"  "•'■  ••'tiniiu-v    fn.n,  which       w     ,|  i     •      '   u\  T  '""    ■''    ''•'"'  '""'■^'-      ''^'"l''^' 

Iliniwr  ..tV        \    ■l,r."t"c"     '",  "'"'^       "'.y'^.  an.llli.ii  ,di,n,.  ih,in  it  is    ,s  cK'ir 
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riiiTi'  i>  aimllRT  kiml  nl'  l.i^,'  wliicli 
-Utii-s  ilnwn  i.\ir  ilk'  l.uiil,  i-^iii\i;illv 
in  the  cities.  It  i.s  a  daiiiji  iiii>i  wliieji 
coiiibiiio  with  till'  ^nidlsi-  aiiil  nther 
iiupuritiis  in  the  air  ami  tcirms  a  hlaek 
anil  <lirt\  clouil  almnt  eventhiM.i;.  This 
(icciirs  when  the  ii|i|>er  air  ]'revent>  tiu' 
Mnuke  whieh  rises  i'ri>m  a  city  with 
all  its  jieoj'le  anil  lire-  in  the  iiiniaees 
froi'i  ]>as>iiii;  uji  anil  away.  The  upper 
air  aets  like  a  lilankel  ami  keep-  the 
misty,  sniiiky  air  ilnwn.  until  the  wnul 
iMines  ailing  ami  liluw-  it  awav. 


V7hat  Becoincs  of  the  Smoke  ? 

I  I'.ere  are  .1  nunilier  ui  liiini;-  in 
^ninki'.  aiiil  uiien  we  know  what  tiny 
are.  we  will  timl  a  natural  answer  to  this 
ijuestiiiii.  I'irst,  there  are.  of  eotir'-e, 
the  little  nnlmnieil  particles  of  fuel 
which  .t;et  carrieil  up  the  chiiinu-y  hy 
it-  ilrawinir  power.  1  he-e  nattnalK 
tall  to  the  yrouinl  of  their  own  weiL;ht. 
once  they  ijet  hevoml  the  drawini; 
I'fiwer  of  the  chitnney  and  oiu  of  the 
current  of  air  so  fornuil.  ."-onie  of  the 
LM-es  are  .ilready  i|uite  hurueil  out 
when  they  pa--  up  the  chinine\.  There 
i-  a  lot  of  carhonie  acid  i;as  which,  of 
cour-r.  mixes  with  the  air  .and  even- 
tu.dly  lieconie-  food  for  the  jilants. 
I  hen  there  ;tre  some  .leases  which  are 
not  entirely  hurned.  .anil  the  a'r  hurn- 
theni  still  more  tnuil  the\.  loo.  heconu- 
c.-.rhonic  acid  yas.  or  water  whicli  i-  al-o 
thrown  off  hy  a  htirniie,'  lire 

Wliv  Does  ail  A'ljili    Tuiii  Bi  i\v:i  When 
Cut' 

1  I'.e  reason  i-  tliat  when  \n\\  cut  an 
a]iple,  the  e\po-ure  to  the  air  of  the 
inside  of  the  a]i|ile  c.an-e-  a  cluniic.d 
ili.anire  Ifi  take  place,  due  to  the  elVecl 
the  o\\;;en  in  the  air  ha-  on  what  i- 
scientilicilly  known  as  tln'  en/yiues  in 
the  .n]>lile.  or  wh.it  are  coiuniouh  called 
the  "ferment-."  Whi'ii  the  peel  is  tui- 
hrnkeu  it  protects  the  in-ide  of  the 
atiple  .atT'Tiu-t  this  action  hy  the  iixyt;en. 
The  hrowai  color  hapiiins  to  he  due  tn 
the  chemical  action  Tlie  .action  i*  sim- 
il.'ir  to  the  action  of  the  air  on  wet  fir 
damp  iron  or  -feii.  in  which  case  w'e 
i.ill    it    ru-t 


Why   Does   a   Piece   of   Wood   Float   in 

Water  ? 

.\  jiiece  01  wood  will  lloat  ill  water 
he.ause  it  i-  lighter  than  the  same 
amount  of  w.iler.  We  do  not  mean 
that  a  piece  of  wood  weii;hin};  one 
pound,  for  in-taiice.  would  weiijh  aiiv 
more  than  a  poiuid  of  w.uer,  of  course, 
lilt  it  you  took  the  iiKasunnients  of 
e;.cli  \ou  will  llml  that  it  took  less  hulk 
to  make  a  pound  of  water  than  of 
\M)oi|.  If  Villi  li.id  a  piece  of  wood  so 
shaped  that  it  ju-t  lilled  a  .ylass  com- 
pletely, ;ind  then  took  another  .tjlass 
and  Idled  it  with  w.iter,  you  would  lind 
th.it  the  .i;la-s  containin;,'  the  water 
weighed  the  iiio-t.  .Xmillur  name  to 
.i:ive  to  this  dilVereiice  would  he  to  say 
th.it  the  water  was  more  dense  th.in  the 
v.ood.  r.y  the  l.iw  of  ,i,'r.ivilatioii  the 
drii-er  thiui,'  will  alw.ays  j;o  to  the  hut- 
tom,  .and  as  wood  is  le-s  dense  th.m 
water,  it  will  slay  at  the  lop  if  |nn  ni 
V  ater.  The  piece  of  wood  has  more  air 
in  it  th.iii  the  w.iter.  If  you  could 
e.\]iel  the  .air  from  the  piece  of  wood 
and  then  juit  it  in  water,  it  would  -ink. 

V/liy  Does  Iron  Sink  In  Water  ? 

I  he  expl.inalioii  in  regard  tn  llic 
piece  of  wood  tloatin;;  in  w.ater  i-  tlic 
heiiintiini;  of  the  answer  to  this  i|iu-- 
tiou.  .\  piece  of  iron  is  lu-;ivier  than 
an  ei|nal  hulk  of  water,  .and  will  there- 
fore },'o  to  the  hottoin,  as  will  ,ill  things 
I'.hich  ,ire  more  dense  than  water.  .\ 
piece  of  iron  li.is  no  air  in  it.  The  |)ar- 
Itcles  of  a  piece  of  iron  are  mi  close 
'iiireilier  th.it  there  is  no  room  for  air 
ill  it  and  it  will  therefore  sink  in 
water.  .\  jiiece  of  wood  from  which 
all  of  the  air  h.id  heen  e\pi'IIed  wonld 
;  l-o  sink. 

VTiv    Doesn't    an    Iron    Ship   Sink' 

1  hi-  i-  .1  \ery  nalur.d  i|uestion  for 
you  to  ,isk  rit;ht  after  vou  were  told 
\>  hy  iron  sinks  in  water.  The  explana- 
tion is  th.al  hy  inakini:  an  iron  -liip  in 
the  way  we  do.  we  tix  it  -n  that  il 
holds  ;i  lot  of  air  in  hetweeii  the  holtoni 
and  "iides,  m.ikintr  the  cnnihitintion  of 
the  two — the  iron  ship  ar.d  the  air  in 
it— lijihter  than  the  water  mi   which   it 
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>;iil>.  Men  tlwMi-lii  at  ,,„,.  ,,„„.  ,i,.|( 
.-1  shij)  u,,ul.i  Milk  it  tna.K-  of  i.-,.ii 
:uul  tluTcl.in-  !.mli  ;,|1  of  tlu'ir  ships 
"t  wtHxI.  l-in;,lly  nw  inventor  nia.k-  a 
Miip  ot  if.iti  and  it  was  on.-  ..t  tin-  wo„. 
«cr.s  ot  the  uurl.l.  Wh,.,,  wo  |-,,„„,| 
iliat  iron  ships  woiil.l  lloal  if  thiv  were 
I'tiilt  to  retain  snirieient  air  \n  keel. 
'I:>ni  iroiii  sinkin.-.  ue  ma.le  the  hulls 
'■'  iiiost  ships  ,,i  iron  i,,r  a  time.  .\(,w 
li"«ever.  the  hest  ship,  are  inade  of 
-iiil.   uhieh   IS   even  helter. 

It  yon  h.ire  a  hole  in  the  hoitom  of 
■■'  slnp.  the  water  will  rtin  in  if  the 
ship  IS  in  the  water,  an.l  the  ship  will 
snik.  heeatise  tlu-  water  i-oiiiiiii,'  in 
'Inyes  out  the  air:  .la.l  when  the  ship 
'■■  tiill  ol  water,  the  water  in  it.  with 
tlie  ship  itselt.  are  heavier  than  the 
"ater  on  whiVh  it  sails,  and  the  ship 
ml  K>->  ilown.  j-illin.!,'  a  ship  with  water 
ii'akes  the  'roii  |)art  of  the  ship  just 
like  a  har  of  iron,  so  far  as  its 
'inaliu'es   are  coneerned. 

(  >f  eonrse.  an  imn  .hi[.  must  he 
"M'  e  Ion-  ,notii;h  and  hroad  enondi 
-"  that  u  lull  it  is  eompleted  tiiere  will 
"■  siitheient  air  eontained  within  the 
luill  to  make  the  eomhination  Ii,i,duer 
'"an  water.  Always,  therefore,  wlien  a 
sinp  IS  to  he  hnilt.  competent  engineers 
must  s;,.  over  the  jilans  of  the  v.-ssd 
an<I  calculate  the  air  cafiacitv,  so  as  to 
make  sure  she  will  tloat. 

Xnwadays  it  would  I,,-  .lirtlailt  to 
Milk  a  iiKMlein  v.ssel  hv  horiiifj  one 
-mall  hole  in  the  hottoin.  heeanse  the 
'"ttom  and  siMes  are  line,!  with  en- 
closed steel  air-ehamhers.  and  a  s|„p 
"'I  keep  aHoat  even  if  one  or  a  iinmh.T 
"f  holes  are  made.  '  he  reason  is  of 
'•"urse  that  when  voii  hore  a  hole  into 
<itic  of  these  air-chamhers  the  water 
•■usiin-  in  ^vilI  till  that  air-chamher 
v.ith  water,  hilt  as  there  is  n,)  cnnec- 
tion  from  the  inside  with  the  rest  of 
tiK-  ship,  the  wnlc    can  -et  no  further 


a   fro(„!  con.iuctor  of  heat  is.     In   this 
case  the  particles  of  iron,  which  com- 
lined  lorin  the  poker,  are  so  close  to- 
gether that    when   th.ise  at   the  end  of 
t  H-  poker  whkli  is  ill  the  fire  j,'et  hot 
the  particles  at  th.at  en.l  hand  the  heat 
'■n  to  the  particles  next  to  them,  and 
soon  until  the  whole  poker  is  hot      Iho 
'ilflerenee    hetween    a    thiliu'    uhicli    is 
a   :,;ood  conductor  of  heat  and   a   ilimi' 
"Inch  IS  not  a  -ood  conductor,  lies  m 
llic    ahihty    of    the    .lifterent    particles 
"Inch  compose  it  to  hand  tin-  heal  on 
"'    "•;•    <'llKTS.       Did    y,,„     ,,,,    ,„„;,.^. 
tiiat  th,.  handle  of  a  solid  siK.r  sp,„„, 
v.il     hecome    hot    if    the    spo(,n    is    left 
'!!    iK't  cotiee?     .Solid   silver   is   a   -,„„! 
conductor  ni  heat.     .\   plated   -pu,7„   j. 
not    a    tjood    con.lnctor,    however.    ,,nd 
viil  not  hecome  hot  if  left  in   the  >„p 
"f   h.jt   cottee   as   a    solid      • 
uill. 


sil\er 
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Would  a  Wooden   Spoon   Get   Hot? 

^  "'"id.  11  -p.i,,,,  uould  iiul  yv!  hot 
iHvanse  w().,d  is  not  a  «o.„l  cond,ut,,r 
"1  licat.  I  he  atoms  which  ,.mip,,se 
the  wood  h.ave  not  the  pou.r  to  trms- 
niit  the  heat  to  each  other.  Tin-,  js 
slraiijr,-.    „„,_    ^^-ii^.,!    ^^.^,    ii^j^^i^    ^1^^^    ^^ 

poker  IS  a  irood  comlnctor  of  heat    Inn 
uill  ii.it  hiirn.  while  w..od  is  not  a  eood 
conductor,  hut  will  Imrn  rea.lilv      IVr- 
I'll"^  .von  have  alreadv  discovered  this 
ni   c.innectioii    with   a   \v..ot|   t'n-      (  )„e 
end  ,,t  a  siiVkof  wood  in.r,   h.   hnnin,- 
^crcely.  and  yet  you  can  pick  it  up  1,7 
"^"   "ll'ci-  en.l   ami   find    it   is  „ot  even 
varm.      |  |i,s  proves  to  vo-.i  thit  v/ood 
IS  not  a  -jood  conductor  of  heal    and 
exi.kims  why  the  lian.lle  of  p  •  ■ooden 
spoon  in  a  howl  of  hot  .soup    /jlj  not 
.i^ct    hot    uhile    the    handle   o: 
spo<in   will 


1   sih 


Why   Does    a    Poker    Ga    Hot    at    Both 
Ends  if  Left   in  the  Fire? 
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I '"ill  ends  of  the 
lieated  hecause  the  Doker  is  ,„  ,,i..  ,,,• 
■  roil  and  ir  .n  is  a  V,nrtiVularlv  t-ood 
conductor  ol  heat.  To  niulerslan,!  this 
"■■•nni-t  !,„,k  ;,,i,,il;,^,|„;.Mio„  of  „h.,i 


Wh^v   Does  Iron   Turn   Red    When   Red 

Hot ; 

i  iic  answer  is  that  the  piece  of  iron 
lias  heen  heated  to  the  point  where  it 
i;ives  oft  hirht  of  its  own.  The  re,l  you 
--■■■■  ■■-  '•'ily  one  stasjc  u,  ii,e  .ievefop- 
•">■"'  <'.'  I'-on  to  ,1„.  p,,i,„  „,„,r/i, 
.^akes  Its  own  lidil.  If  von  heaf  it 
-till    more    II    nil!    make   a    white    li-hl 
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iMi;  sixMioiv'i: 


Voii   know   that   it    [irodiufs   the   liyht 
itsolf.   lnvaiist-  it   you   taki-  a   picrc  (.1 
mm    itito   a   jiorfirtly   .lark    ruipiu   an.l 
htat  it  u>  a  uhiti-  luat  it  will  -.hiiw  ini- 
tvr  than  wluro  tiuri'  i-  ntlur  lij;lit.     If 
>ini  iiMiiiiiiK-  till.'  pruci'ss  the  imii  will 
iiult  ami  chau.i;i'  in   form.      riuTcfdrc. 
ll'.c  "rid  hi)t"  nnnu'  tor  a  jiiiri-  of  iron 
111  that  state  is  a  jierfirt  name.     It  is  a 
warnin;,'  that   the   iron   is   eoiiiinij   to  a 
|">int    where   if    the   heatiii.s;  iir.i'ee->   is 
eoiitimie.l.  it   will  ehan.i;e  its   form  ami 
in    this    >tate.   when    treat<-il    aeeonliiii,' 
to  known  nutho.K.  tlie  iron   is  turned 
into   steel,   uhieh   lias   many   eharaeter- 
isties  that  iron  does  not  jiossess.     Xow, 
1    i-aii.   of   course,   hear   vou   ask    why 
doesn't  an  iron  kettle  -;et'red  hot?  and 
I  can  aii>wer  that  easily.     If  yon  tr.'.it 
tl.e  kettle  the  same  wav  as  vou  do  the 
piece  of  iron,  it  will  };et  red'  hot.      The 
diKerence  is  that  you  are  thinkini;  of 
an  iron  kettle  with  water  in  if.    .\s  lonjr 
ris  there  is  any  water  in  the  kettle,  that 
kteps  it   from  j^ettint;  hot.     The  water 
in-ide  keeps  ilu-  kettle   from  hecomintr 
red  hot.    If  you  t<iok  a  hollow  rod  o} 
lion  and  tilled   it   with   water,  it   would 
not  heconie  re.l  hot  as  Ions;  as  any  wafer 
remained   in   the   hnll.iw   t,,,rti..n' 

How  Did  thr  Sand  Get  on  the  Seashoip? 
I  he  sand  on  tile  .seashore  is  nolliinj^ 
more  fir  le-s  than  j,'ronnd-iip  sandstone. 
In  de.-ili.ii,'  with  the  inanini;ife  thin.i,'s  in 
the  world  we  lind  that  a  verv  im])ortaiit 
element  of  all  o'  tluni  hasheen  jjiven 
the  name  sdicon.  M  inii  the  crust  of 
the  earth,  which  is  the  p.irf  we  call 
the  land  and  rocks,  and  includes  the 
pnrt  uiider  the  sea.  was  a  molten  mass, 
this  silicon  was  hurned.  coinhininj:  with' 
the  oxvijen  which  surrounded  every- 
thinj;.  and  pro.hiced  what  is  known  as 
sdica.  Silica  is  the  name  <,'iven  to  the 
tnni!,'  which  is  left  after  vou  hum 
sdicon.  A  very  large  part  of  this 
sdica  was  deposited  in  parts  of  the 
earth,  and  when  the  crust  of  the  earth 
cooled  off  it  was  sand.  Rv  pressure 
.'ind  contact  with  other  suhst.-inces  it  he- 
crmie  stuck  together,  just  as  you  c-.n 
take   wet    sand   ;it   the   seashore  to-dav 


and  make  bricks  and  hou.scs  and  tun- 
nels, e.xceptins,'  that  in  the  case  we 
speak     f/f     it     wa<     s.iiiKthin;,'    besides 


water  that  pressed  ami  simk  tlu'  little 
p.  rticles  of  s.in.l  to;,'etlier.  Iliev  stuck 
lo-eiher  more  permanently.  '  Iheii 
u  hen  the  oceans  were  fornucl,  as 
shown  in  .uioiher  part  of  this  book, 
much  of  the  s.uidstoiie  was  found  t() 
be  ;it  the  bottom  anil  on  the  shores  of 
the  oce.iiis.  The  action  of  the  water 
continually  washim,'  a,i,';iinst  the  saiid- 
Moiie  ijr.adually  broke  the  sandstone  up 
into  the  tin\  particles  ,,f  sand  aK;iin, 
.ind  this  is  what  makes  the  sand  on  the 

sC-.|shl,I-l'. 

What  Makes  a  Soap  Bubble  ? 

A  hubhle  is  merely  .i  hollow  bill  of 
water  with  .lir  inside.  The  air  in  com 
iiij;  U|.  ihrouyh  the  water  in  trviin;  m 
rise  out  of  the  water  is  caii.i,dit'  in  the 
water  in  such  a  wa\  as  to  frirm  the 
bubble,  .-md  since  the  ahilitv  of  the 
an  insi.le  of  the  bubble  to  rise  is 
.t;reater  than  th.it  of  the  water  which 
forms  the  bubble,  and  which  has  a  teii- 
;lcncy  to  pull  it  down,  the  bubble  rise< 
into  the  air.  The  water  b.dl  is  verv 
thin  ami  keeps  rimnini,'  down  to  ;he 
bottom  of  the  ball,  wliere  vou  si.^.  jt 
lorin  into  drops,  and  .>-oon  this  m.ikes 
the  walls  ,,f  the  w.ater  bubble  s,,  thin 
tl;at  the  .air  bursts  throu-h  the  ball  of 
\'alrr.  ,iiid   th,-ii   is 

What  Makes  the  Bubble  Exjilode? 

Sometimes  we  blow  soa|.  bubbles.  \\  r 
iiii.v  soaji  in  the  w.ater  and  that  makes 
the  walls  of  the  water  ball  which  we 
produce  a  little  tou.<,dier,  and  it  rei|uin - 
a  great  deal  more  etTort  for  the  air  lo 
e.scai)e  from  it,  .-.s  the  sr)ap  keeps  the 
water  m  the  wahs  of  the  buhole  from 
runnmsj  down  to  the  bottom  for  .|n!te 
some  time,  and,  therefore,  so.ip  bub- 
bles will  often  travel  in  the  air  for 
some  dist.-ince.  The  color-  we  see  on 
-oa].  bubbles  are  produced  bv  the  r.iy-: 
of  sunlight,  which  strike  the  bubble 
and  refieet  them  b.ack  to  us  in  colors 
verv  similar  to  tii.,-e  of  the  rainbow. 

Why  Are  Bubbles  Round  : 

Hubbies  are  round  because  the  air 
which  forms  the  iiisi.K-  of  the  bnbi.Ie 
<-;erls  an  e,|ual  pressure  in  all  diree- 
t:ons.  It  presses  e.|na!lv  against  .dl 
sides  of  the  bubble  at  the  same  time 
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The   St()r>    in   a   Yard   of   Silk 


God's  Creation  and  Man's  Invent  in, 

Mi.K   in  it>  lini-lifd  -talt-  i>  .m  iiU'.iI 
I)ni(Iiict.     It  i^  at  (.lice  duraUlo.  m.ii^iiiti- 
i-ent  to  the  cvc,  tt'iuk'r  t.)  tin-  t.uicli.  and 
its    riistlo    is    soft    music   to    the    ear. 
Hence  it  is  easy  to  iindcr.-taiid  wliv  the 
MJkudnii.  from  the  earhest  tiniest  has 
heeii  an  object  of  nnich  consideration 
and   concern    from    a   commercial    ant] 
industrial  [M-ini  ..i  view,     in  this  conn- 
try  alone,  we  annnally  expend  as  much 
for  silk-  ;;o(ids  as  we  do  for  piihiic  edu- 
cation an<l  thirty  times  as  much  as  we 
do  for  foreii^n  missions.     Such  an  in- 
doinilable    prcducer    of    wealth    is    the 
■iikwomi.  and  a  producer  of  wealth  it 
iias   heen    from   an   aije   as   remote   as 
when  Joseph  was  down  in  old  E.trypt, 
interpreting,'-  the  dreams  of  Kins,'  V'ha' 
raoh's  hiitler  and  baker  and  later  that 
of  the  Kiii.i;:  himself. 

I  o-day  we  speak  of  twentv  cetitnries. 
and  onr  minds  can  hardlv  com[)re!iend 
such  a  'ajhse  of  time,     \\hat  shall  we 
tlunk  of  the  silkworm,  that   for  twice 
twenty   centuries    has    furnished    prac- 
tically   all    the    raw    material    for    the 
world's   .silk    supply.^      liecausc    man's 
inpennity  is  at  present  actively  enpaped 
in  the  attempt  to  displace  it  bv  cheaper 
substitutes,   the   thoii.sjht   has 'come   to 
US  that,  without  fjoiny;  too  minutelv  into 
mechanical  processes,  a  good  opportu- 
nity is  pre-ented  to  give  some  interest- 
in.s,'  information  in  rcjrard  to  the  silk- 
worm   as   the   cre.ition   of   the    Divine 


'<■  siiKworii 


'  land,  m  contrast  to 
cH'ation  of  man. 

.Acmrciino-  to  Chinese  authorit^•.  the 


iise  fif  silk  date-  from   .T.-n  p.  C 


:in.I 


It  IS  R-enerally  couce.led  that,  m  point 
ot  age.  It  stands  luidwav  amon<j  the 
fjreat  textiles,  wool  and  cotton  liavin- 
I'leceded  it.  while  tl,i\.  hemp  and  otlur 
hbrous  jdants  followed  shortly  in  it^ 
train. 

'i'he  first  j)atron  of  the  silkworm  was 
Hoanfr-li.    Third    I'.tnperor   of   China 
and  his  Ilmpress,  .^i-Lin,i:-C"hi.  was  the 
tir>t  practical  ^Ikworm  breeder  and  silk 
reeler.    It  is  rel.ite<l  of  her  that  she  was 
once    w.dkin.i,'    in    the    palace    trardens 
when  she  discovered  a  stran-e  and  re- 
pulsive lookin.t;  worm.     It  was  small. 
of  a  [.ale  «reen  color,  and  was  feedint: 
greedily  on  a  mulberrv  leaf.     She  iiv 
fercstcd   the   Emperor 'in   this   .strange 
rrcaturc.   and.   at   the   Kmperor's    sn'.r. 
ffestion,  took  the  tine  silken  web  which 
the    worm    finallv    spmi,   and    was    the 
first  to  siicce.s..fnllv  reel   the  new  fila 
mcnt  and  weave  it  into  cloth.    So  bene- 
ficial to  the  nation  was  her  work  con- 
sidered  that  her  gratified   subjects  be- 
stowed   upon   her    the   divine   title   of 
■■(.oddess  of  the   Silkworms."  and   to 
this  d.ay   the  Chinese  celebrate  in   her 
honor    the    "Con-Con    Feast."    wliich 
takes  place  durin.g  the  season  in  which 
the  silkworm  e.trgs  are  hatchetl. 

In  accounting-  for  the  presence  oi 
silkw-orms  in  the  garden  of  this  earlv 
empres.s.  we  can  rightlv  conclude  that 
certain  parts  of  China  have  always 
abounded  in  forests  of  mulberrv  trees, 
and  that  the  worms  themselves  had  ex- 
isted in  .great  ntimbers  in  a  wild  state 
and  nttached  their  cocoons  to  the  trees 
for  ages  before  anv  use  was  discovered 
for  their  web.  In  fact,  such  wild  silk- 
worms  not   only   abound  in   China   to- 
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HOW 


SILK    WAS   INTRODLCri)    INTO    I  I  l^on 


Till.    INTRiiDlCTMN    nf   >|I-K    IMc   LI  RuPlC 


rili;rim>  lTi.lli;llt 

»i11<Hi.riii  <•.;(.■•*  ill 
tliiir  ^tafN,  t<>- 
j:.lli<r  wtlh  til,- 
hr.itulus  of  iniil- 
IttTry  trti-.,  frdiii 
fliiiia  ti-  till-  t'oiirt 
"i  .lii-tini.i'i  .11  l!v- 
zniitiiii-.  .\.l).  ;;;. 
Tin-  iHiirilty  I'.ir 
lakiiii:  -ilkw.rrtii 
I'UK^  '•III  ><(  t  liin.i 
uas  ilcalli. 

Till-  aiTi>iii]i:iiiv- 
iiivr  iIIll^lr.•lli■ltl  ■« 
a  ri|iri"liii  Imii  ..i 
a  iimrril  paint  iiiv 
I'll  rt'p  ill  tl'i 
Kcy.il  Trxlilc  Mil- 
soiini  at  t'rtfilil 
(irniianv.  miic  mI 
tin-  kicat  silk  iiv- 
tile  rciitiT'.  Ill  i!i 
vvi.riil.  Till'  ariivi 
-Ipivvs  tlif  piluriiii- 
prisititiiii.'  tile  silk 
W'lrm  <i;n<  ami  tin- 
muIlHTrv  liraiu-lus 
tn  histiiiiaii.  !•<•- 
siilr  hIioiii.  ills!  ill 
till-  aiM  "i  risiiii;.  is 
Ills  taiTnnis  ipu'i'ii 
Tlu'n(|(,ra. 


il.iy.  Init  iiavc  also  lici-n  fniiinl  in 
So'.ithcni  and  I-'.a>tcrn  Asia,  inlialiitin- 
tlio  .imi.i:li's  of  India.  IV-:ii.  .siam  aipl 
t'ncliiii  China,  hit  tlu'  cucoons  ..f  t'n-si- 
worms  arc,  nalnrally,  of  a  very  inferior 
(|nality.  and  ari'  only  iisol  furllu'  i-rnd 
tst  kind  of  uork. 

Silk  cultnrc  from  the  time  of 
Hi)anLj-'l"i  htranic  one  of  the  elier- 
islied  secret*  of  China.  The  head- 
•jiiarters-  of  the  industry  was  in  tiie 
IVoviiii-e  if  (hen  Ton;,',  where  u;i*  pro- 
diiee.l  the  silk  fur  the  royal  faniilv.  In 
time  the  silk  an<l  stnffs  of  China  heeaiiie 
articles  of  e\|iort  to  various  portions 
■  if  Asia.  I.ony:  journeys  were  iiade  hy 
caravans,  occniiyin-  two-thirds  of  a 
year  in  jjoinj;  fnon  the  cities  of  I'hin.i 
to  tliose  of  Syria,  hut  the  jirice  ohiained 
there  exceeded  the  expense  of  tlie 
jfmrney.  and  thus  left  a  lar«:e  inar.ijiii 
of  profit  to  the  inercliants.  in  this 
iiiaiuier.  for  one  thousand  years,  the 
I  hiiiese  sent  their  silk  to  the  Tersians 
who.  without  knowinfj  how  or  from 
what  it  was  made,  carried  it  to  the 
\\'estern  nations. 

^'  i  carcfnllv  did  l!u-  Orientals  '.^'iiard 


their  secret,  ih.it   there  is  re.is,,n  In  lie 
lieve  that  .Xristotle  was  the  tirst  persfn^ 
in  the  occidental  world  lo  learn  the  tr;ie 
orijjin  of  the  wfou^ht  silk  from  I'ersi.i 
In  comineiitiiii;  on  the  silk  which  wi- 
i>ron,i;ht   from  that  country  on  the  re- 
turn of  .Mexander's  victorious  armv,  lie 
described  the  silkworm  as  a  "horned  in- 
sect,"   jiassiny;   throuy-h    several    trans 
formations,    which    produced    '■homhy- 
kia."   as  he   called    the   silk.      I!ut   tie 
classics    must   convince   one   tliat    Aris- 
totle's discovery  did  not  at  once  heco-pe 
matter  of  etirrent  knowledi,'e.     In   f.ict. 
for  live  hundred  years  after    Xristotle's 
time  t!ie  common  theory  of  the  ori-iii 
of  silk  amoiii.;  the  Creeks  ;md  Romans 
was  that  it   was  either  "a  lleec     which 
K'rew  upon  a  tree"   (thus  confoiittditp^' 
it  with  cotton  ),  or  a  tihre  obtained  from 
the  inner  hark  of  a  tree;  a?id  some,  de- 
ceived hy  the  glossy  and  silkv  fibres  ,,i 
the  .seed  vessels  of  the  plant  tliat  cor 
responds  to  our  milk  or  silk  weed,  be- 
lieved   it    to   be   tile   product    of   .<ome 
plant  or  tlower.     So  vir;^!!.  in  speikin-.,' 
of  silk,  says,  "the  Seres  comb  the  deb 
icate  tleecin.i^s  from  the  leaves." 


^^Hl^  sii.k  cu.iu^i.  was  imi^oixcu) 
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in  the  Sixili  rniiiirv.    \  F)      ill  t' 
r.iu  silk  wa,  .till  iKit,.,;  i,n|.urf'f,l  fnm, 
Uiiiia   )y  way  of  IVrsia.  mIk-i.  the  l-jii- 
I'crnr    nstinian.  Iiavin- ciiKa.i;c.|  in  w.ir 
H>tl.    I  iTMa.   t.M„uI  l.is  supply  of  ran 
Mik  cut  <.(!   aii.l  the  mannf.u-tiirtTs  i„ 
^Tcat  ,lMn-ss      lU,  foolish  k-yislati,m 
'l"l  nut  help  tlK.  situation,  and  a  crisis 
was    avci-te,l    only    l.y    Uy.,    .\\.,|oriaM 
'ii-nks.  wl„,c-,nne  from  (  hina  with  seul 
"    "',^'  '""IlKny  tree  an.I  a  knowle.l-e 
"f    the    Chinese    nietho,!    of    rcariu" 
"•inns      \„  one,  on  pain  of  death,  wa^ 
Mil. .wed   to   export    the   silkworm   e.-^s 
from  China,   init   Justinian   hrilK-d   Hu' 
monks  t..  return  t.)  that  countrv.  an.I  in 
•^-.-  tiicy  came  hack.  hrinKinj,-  with  them 
:'  TKOUity  ot  >iIkworm  efj-,  cncealed 
in  their  pil^Tinrs  staffs.     And  here  let 
"s  say  that   there  iias  oi:lv  once  sjnce 
liien  an  important  importation  of  ctr-s 
in.m    Asia.      That    was    about    1W,0 
when  Dr.  Pasteur  was  makin<r  a  stndv 
•It  n  perm  <Iisease  which  was  tlireatcii- 
nic-  liie  industry.     Conse(|ueutlv.  it  can 
truly    I)e   said   that    practically'  all    the 
Mlkworms   of  the   We -tern   world   are 
descended   In.ni   those  hronyht    in   the 
'■".rtrs  by  the  monks  to  G.n-iamiiiople 
litstmian  .ijave  the  control  of  tlie  silk 
iiuli.stry  to  his  own  treasurer.   Weaver..? 
'>r..uu'ht   from  'fyre  and   liervtus.  werJ 
cinpl.iyed  to  manufacture  the  silk    and 
the  whole  producti.m  was  a  monnpolv 
"t    the   emperor,   he   tixins-   its   prices. 
I  nder  his  mana>jement,  the  cost  of  silk 
became  ei.tjht  times  as  oreat  as  before 
■•|"<I  tl'«-  Uoyal  I'uii.le  was  twentv-four 
tniies   It   former   price.      Ihit   ihi's   mn- 
!;<'poly  was  not  of  Ion<r  dnration  an.I 
■■•t   the  death  (>{   Insijnian   in   .^rn    th- 
•""n..poly  ceave.I.  and  the  spread  of  tlu- 
industry   commenced    in    new   .in.i    di- 
v<  r>e  directions. 

\\  Idle  every  detail  of  thr  o,„wth  of 
the  mdustrv  ha>  an  unusual  intere-t.  as 
sli..win<,'  how  such  an  in.M-uiticant  thin.,' 
•  I-  a  worni  may  become  a  potent  f:ictor 
"1  Xntnre's  ecom.mv.  the  scope  of  this 
article    will    l,;,rdlv   .allow   us    to   more 


tlinn    .;K-,.!ch    <onie   of    ilic    other    more 
salient  points  of  the  hi>torv  of  the  >ilk 
worm. 


AI.oui   the   ,j,,-  ■;!„.   u,^.   .,ilkrtorln^ 
"laiie    their    appearance    in     Cordova 
>{'ain.    belli-    bn.uj,dit    there    bv    thJ 
■Moors.     Fn.ni  .Spain  .ilk  cultiirJ  ,so..n 
extended  t..  ( :reece  an-l  Italy. 

•'^ilk  was  introdtice<l  on  'this  couti- 
iieiii  (hruu-h  the  Spanish  l-on<|iieM  of 
Aiixico.  and  the  tir.st  silkworm  e-s 
M,ld   lor  .SMt.a)  an  ounce. 

A  century  later  roval  orders  were 
is-iied  rcpiiriiif;  mulberrv  trees  to  be 
planted  iii  tlie  Col,,nv  of  \ir-itiia  and 
.;i  tiiie  of  twenty  pounds  of  tobacco  wa« 
nuposed  fur  iieijlect.  and  tiftv  poun.ls 
ot  t..hacco  wa-  -iveii  as  a  bountv  for 
every  po,m,l  ,,f  reeled  M'!k  pro-lnced 

Silk    culture    spread    rapi.llv    in    the 
.'tlH-r  (  ..lomes.  ami  I,,-da.-  the'  storv  of 
tlif    mttectual    attempts    to    profitablv 
rear  the  silkworm  in  this  countrv  is  as 
voluminous  as   it   i<   inierestinsr.'    Suf- 
fice It  to  say,  as  a  sop  to  our  inherent 
^  ankee  pri.le.  th.it  >ilk  culture  was  in 
tr_(.dticed  into  Connecticut  as  earlv    i- 
l/.v.  the  first  coat  and  stockin-s  liiadc 
tram  .New  l'nt;land  silk  bein-  worn  bv 
'...vernor   Law   in    1747.  and   the  fir.i 
silk   ilress   by    his    daim-hter,    in    17=;0 
I  his   State,    for  the  eijitv-fonr   vear^ 
•"l'"«iu-     led    all    the    others    in    thV 
amount  of  raw  silk  produccl.     Tu  Con- 
necticut also,  was  built  the  first  silk  mill 
to  be  erected  nn  this  continent   for  the 
special  purjiose  of  nianufactiiriui:  -i'k 

^'"'ivm  ,  "Vr  '.'"'''''■•'-  "■■-'^  constructed 
ni  IMO  by  Rodney  and  [foratio  Hanks 
at  Mansfield,  and  is  .till  standi,,-  as  an 
heirl....i„  which  has  come  to  us  from 
the  iiiiant  days  of  the  industrv. 

I  he  silkworm   has   become' domesti- 
cate<  .since,  durin-  the  lonp  centuries 
m  which  It  ha.s  been  cultivated    it  has 
.ac.|uire,l     many     useful     peculiarities 
■Mail    has    striven    to    increa.se   its   silk 
prodiK-m-   power,   and    in   this   he  has 
succeeded.    f,,r.   bv  comparini,'  the  co- 
coon o,  the  silkworm  of  to-dav  with  its 
wild  reations.  the  cocoon  is 'found  to 
>e  much  laryer.  even  in  proportion  t.. 
the  s,;<e  of  the  worm  that  n,akes  it  or 
the    moth    that    issues    fn.m    ;,       -n,„ 
moth's  loss  of  the  power  of  fii-ht  and 
the  white  color  of  the  species  arc  proh- 
alily  the  residts  of  .lomesticatioii 
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ill  hilt  water  in  the  lia<iii< 
'howii  ill  tile  tniiii  ti, 
loiiseii  the  «iini.  The  <ill< 
threads  then  pass  thrnimh 
ihe  hands  i.i'  the  n]urators 
Hid  are  reeleil  on  swiiis 
i;i  the  caliiiK't  shown  in 
'ae  rear. 

\  mure  nuMlern  appli- 
.iiue  for  recliiiK  the  silk 
is  shown  nil  line  uf  the 
li'llowinj;   liases. 
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I  Iif  <i;k-  tiintii  lA-i^t'  in  four  Mate;— 
i«;r.   larva,  clirysalis,  aiul  a.lult.      Tiic 
c-.e  ui  till'  iiioili  i>  ,if  ,rl>  n>iin.|.  sliulit- 
ly    llatii-ncl.    an.l    cln-il'v    risijnMi-s   a 
turnip  Mi-il.     \\  hiMi  lir-t  laiil  it  i^  yd 
low.  M.,.11  tiirnin-  a  uray  or  slato  color 
if  impri-jrii.-iti-.I.     It  has  a  small  <]»,{  on 
oiR-  I'li-l  .alkd  till'  mi,T..|,vli-.  and  wliin 
i!ii'  wnnu  :i,ii>hi->.  wliiili  in  onr  i-liiiiale 
I-  alioiit   till-  lir^  of   (line,  it  ynaws  a 
■lolf  thrunyh  this  ^]u,{.     I'.I.ck  in  color, 
!  .dy  an  ci-Iiih  of  an  inch  in  Icnutli, 
'■•  '   with   lon'^--  hair,   with   a   shinv 
■1  Mxtfcn   >ina11   kx-.  the  hahv 
I-  ht.rn.  li-avin-  tl.i-  slall  of  the 
.\hitt'  aiiil  transparent. 
~  n.ill  an<l  tiinKr  Icavi-s  .,f  the  white 
Hrr\   (,r  ..nairj.  ,,r;ini;i-  are  tVil  tin- 
■  onii-    wliich    :^iniply    picn\.> 
'i    >iicks    -Ik    ,,i|)       Soo?i    the 
Worm  lii-t(inie^  lary;i-  enon-^h  to  eat  the 
tetnler    portion-    hetwecn    the    veitis   of 
Ihe  leaf.     In  eatin-  they  hold  the  leaves 

!,s  i',r  -;v  r.  ,,-M  -.v.!  ,•,.,.,,  .„„i  ,1,^,,,  ^,^„ 


r>f{  -cmi-cirrular  elirc!  from  the  IcnfV 
ed>;e  l.\  the  sharp  upper  portion  of  the 
Miontii.  The  jaws  move  >i.iewi>e.  and 
■>eyeral  thousand  worms  eatiiii;  make  a 
tioi-e  h'ke  t.dlinn  rain. 

Ihe  wortns  are  kept  on  travs  made 
of  mattii');.  that  are  plieed  ('.n  racks 
for  Convenience  in  handling.;.  Tile 
leaves  ;ire  piriced  he^ide  the  worms,  or 

"1 •■'  -latted  or  perforated  trav  placed 

ahove  them,  .ind  those  that  crawl  olV 
are  retained,  while  the  weak  ones  are 
removeil  uith  ilie  old  leaves.  The 
worms  hreathe  tlirotijrh  spinicles,  small 
hol.-s  xyUn']^  ],,nU  like  l,l,ick  spots,  one 
row  of  nine  down  e.u-h  side  of  the  body. 
I  hey  have  no  eye-,  lint  are  (piite  sen- 
sitne  to  a  jar,  and  if  von  hit  the  rack 
they  stop  eatin.LT  and  throw  their  heads 
t()  one  side,  j'hev  are  velvelv,  smooth, 
and  cold  to  the  touch,  and  iJie  llesh  is 
tirm,  .dmo-t  Iiard.  The  pulsati.  .ii  of  the 
blood  niav  he  traced  on  the  back  of  the 
worm,  rnnmn^'  tow.irds  tlie  head. 


I  ..rticelli  Silk  Mills. 


ngc  aii.J   balance  of  cuti  in  ilic  =Lory  of  silk  copyright  by  tlio 
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I  he  worm  Ii.is  f„„r  m..Itin(j  s.M*<,ns, 
•  It  I'.uli  of  whii-li  it  siiid,  \u  uM  >kiii' 
icr    ,  new  one.  >iiKv  in  the  vn.    r:i..i.! 


prowth  ,,f  tlic  \\"riii  tlu'  <il.I  skin  can- 
not keep  |.;u-e  with  tlic  ;;rr)\vth  of  l!ie 
hody.  1  ho  jKTiitds  k-twi'in  the-i-  dif 
Umit  inohs  arc  callol  ".-.i.'cs."  there 
hein)j  five,  the  tirst  extemlinj;  fmni  the 
time  of  hateliin-  to  the  end  of  the  first 
molt,  and  ilie  last  from  tlie  end  of  the 
fonrth  molt  to  the  irati-fornLition  ..f 
tile  inseet  into  a  ihrvsalis.  The  time 
k'tween  the  f,.nr  "molt-."  will  he  fomul 
to  vary,  dependinij  npon  tlie  specie-  oi 
w  orni. 

\\  lien  the  worm  molts  it  ceases  eat- 
in-  i;xows  sli^-htly  lijjhter  in  emlor, 
la~tens  itself  firmly  Iiy  the  ten  proleu's, 
and  esj.eeidly  l.y  the  last  two.  to  si>me 
ohject.  aiitl  hoMinp  up  it-  hea<l  ami  the 
tore  ]);  .  of  its  hoiiy  remains  in  a  tori)id 
st.ite  f.ir  nearly  two  da\-. 

l!>  each  snccessive  molt  the  wnnn 
frrows  lijihter.  finally  hecoming  i  slate 
or  cream  white  color,  and  the  hair, 
which  was  lonfj  at  ^ir-t.  gradually  dis- 
.•ipl)ears.  The  jiunmiy  liquid  which 
coiuhiiies  tlie  two  strands  haril.iis  im- 
mediately on  exposure  to  ;:,c  air. 
The  worm  works  incessantly,  forcing 


tile    silk    (..li    ,,_>     i,,i-    1  iinti  .nlloii     ,1    ili 

'""!>••  The  thill.  i^anA-like  network 
ulnch  soon  surroands  it  j;ra.|nally 
!  iickens.  until.  twent\  f..i'r  hours  after 
'■c;-'mnin>r  to  -pi,,,  the  »v..r„,  is  nenrlv 
'Klden  iron,  view.  However,  the  co- 
'o.i  I-  not  completed  for  ahont  tlii-ec 
'la>  -. 

Ihc   cocoon    is   touch,    siron;,'.    ,,1 

"""l«;ict,  c po-i-,1  of  ;,  (inn.  contiii;; 

"I's  threa.l.  which  is,  however,  iio[ 
'\onnil  in  concentric  circle-,  lint  irre),'ii- 
l.iriy  ,n  short  fn;ure  eij;lit  loo|)s.  tir-i  in 
one  p'ace  and  then  in  another.  Fn  .lo- 
mi;  i!ii-  the  w.irm  makes  -ixtv-five  el- 
Icpiical  motion-  of  his  head  a  minute 
■<■  a  tot.d  of  Mnt.inH)  in  .-i,,  averawco- 
oon.  I  he  motion  of  the  wonn'-  head 
^llell  -t.irtmtj  the  coco..,,  i-  verv  rapid 
>id  lime  to  twelve  ■nche^  of  silk  fluw 


o.3tar*j 


SILKWORM  EATINS.* 


from  the  spinneret  in  :i  niinnte,  hut 
later  the  avera-e  would  be  about  hall 
till-  aiiiuiiiit  per  inimite. 


SII  KWORM     ONE  OF  THH   WORLD'S  CRILXTKST  WORKI  RS 


llavms    attained    full    growth,    the 
worm  is  ready  to  spin  its  cocoon,     it 

l(iM'>  it^  -niMcit,.    JM-i':k<  ncirlv  nn  inch 


in  Icnptii.  grows  ncarlv  transparent, 
often  accpiiring  a  pinkisli  Ime,  becomes 
restless,  seeks  a  (piiet  place  or  corner, 
and  moves  its  head  from  side  to  side 
in  an  etTort  to  find  object,  on  which  to 
attach  its  guy  lines  within  which  to 
binld  its  cocoon.  The  silk  is  elaborated 
m  a  semi-thiid  condition  in  two  long, 
convoluted  vessels  ur  gl.tnds  between 
the  i)rokgs  -md  head,  one  upon  each 
side  of  the  alimentiry  canal.  As  these 
vessels  approach  the'  head  tliev  grow 
more  -:!ender,  and  tinallv  unite  within 
the  spinneret,  a  small  'double  oni.ce 
belnyv  the  mouth.  fr.<m  which  the  silk 


COCOO.V  BECV. 


-SiLKU   IRM    TAN-    STILL    P.t    SLL.;. 


Mi'irTID    (  OfOON 


issues  in  a  glutinous  state  and  a[)par- 
enily  in  a  single  thread. 

The  color  of  the  worm's  prolegs  be- 
fore si)inning  indicates  the  color  the  co- 
coon will  be.  This  varies  in  dilTerent 
species,  and  may  be  a  silvery  white, 
cream,  yellow,  lemon,  or  green. 

When  the  worm  has  finished  spin- 
nmg.  It  IS  one  and  a  quarter  inches 
long.  Two  days  later,  bv  a  final  molt, 
Its  dried-up  skin  breaks  at  the  nose  and 
IS  crowded  back  off  t!ie  bodv,  rcvealitig 
the  chrysalis,  an  oval  cone  'one  inch  in 
length.  It  is  a  light  yellow  in  color,  and 
immediately  after  molting  is  soft  to  the 
touch.  The  ten  prolegs  of  the  w.irm 
have  disappeared,  the  four  wings  of 
the  future  moth  are  folded  over  the 
bre.Tst.  together  with  the  =!\-  legs  and 
two  feelers,  or  antcmi.x.     It  .soon  turns 


V\Hi:\    THK   SILKWORMS    WORK    iS    DUNt 


.Muiii.>    LMLKOl.Nli    FROM    (OtIKl.NS. 

brown,  and  the  -kin  liardciN  uito  a 
tonsil  shell.  Xatnro  provides  the  co- 
conn  to  iirotecl  the  woitn  troni  the 
elements  uiiile  it  is  ,,ein<r  trr.nsi'ormed 
nno  a  chrv-alis.  and  thence  into  the 
moth. 

W  iih  no  jaws,  and  confined  within 
tile  nirrow  si)ace  of  the  cocoon,  tlie 
moth  has  some  difficuhy  in  escapin-. 
After  two  o-  tiiree  wcel<s  the  sliell  of 
the  chrysahs  bursts,  and  the  moth 
ejects  against  the  .nd  of  the  cocoon  a 
strongly  all<ab"nc  h'(|in'd  wi.iih  moistens 
and  dissolves  the  hard,  smmnv  lining, 
I'nslimy:  aside  s<ime  of  the  silken 
threads  ami  hreakingf  others,  with 
crimiicd  and  ilamp  win.ufs  the  moth 
emerges  :  and  the  exit  once  effected,  the 
winss  soon  expand  and  drv. 

The   escape   of   the   moth,   however. 
breaks    so   many   threails   that   the   en 
coons  are  mined  for  reelin-;.  and  c  m- 
seriiiciitly,  when  ten  days  old,  all  those 


ni-t  intended  for  seed  are  placed  in  ,i 
-team  he.ater  to  stitle  the  chrysalis.  ,nd 
l:ie  silk  iiia\  Ihi-n  be  reelcil  .-it  an\  liitiire 
li:ni,- 

i  Iif  niwihs  aie  cream  white  iii  C";,ii-. 
I  hi>  h.ive  no  iiiDuths.  Irit  do  have  eyes. 
■Ahich  is  just  tile  rcver-c  ..i  the  case  of 
i!ie  worm,  h'nmi  the  time  it  bejjins  to 
-pill  until  the  ninth  dies,  the  msecl  takes 
nn  nourishmeiit.  The  six  I'nrward  legs 
"f  the  \yorm  become  the  le^s  ni  the 
moth,  .^nnn  after  m.atiii^  the  c^s  are 
laid. 

The  mile  has  broader  feelers  than 
the  fea.ale,  is  smaller  in  size,  and  ipiite 
.nine.  The  female  lays  half  her  e','gs, 
rests  a  few  hours,  and  then  lavs  "ilij 
remainder.  I  Icr  two  or  three  il.iys'  life 
is  spent  within  a  .space  occupviiii;  le.is 
than  six  inches  in  diameter. 

One  moth  lays  fmni  three  to  four 
In'"dre<i  e^RS,  depositing  them  over  an 
even  surface,  in  some  species  a  s"""- 
niy  li(|uid  sticks  the  egj^s  to  the  i^iject 
upon  which  tiiey  are  laid.  In  the  larL^e 
cocoon  varieties  there  are  full  thiru- 
thousand  eggs  in  a  single  ounce  avoir- 
dupois. It  takes  from  twentv-five  hun- 
dred to  three  thousand  coconns  t,,  niake 
a  pnmid  nf  reeled  silk.  D-i  vnu  wonder 
that,  centuries  a^o,  silk  w.h  v.ilued  at 
its  w  eight   in  gold  ^ 

(".rowers  of  silk  in  the  l'n:tc.l  .-^tate^. 
by  working  early  and  late  everv  day 
during  the  season,  which  lasts' from 
six  to  eight  weeks,  could  scarcelv  aver 
age  tifteen  cents  for  a  dav's  labor  of 
ten  hours.  Silk,  once  regarded  as  a 
luxury,  is  now  considered  a  necessity. 
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HOW   THE    COCOON    IS    UNWOUND 


.-.s  tl„s  ran.,..,   l,,-  r.xlol    nf,,V«S   ,,..•.,■     r    "  "^"'^'V'-    -'Ik    '*   tlun    rcm..ve<l. 
f'ro.„„.   ,„   ,|.„.   „„„,  ,i  „"[,,,.;'-;•,;■  "ix-n't.ir  l,n,>h,v  the  r..c..,.,i.  with  a  M„all 

-soakniL;,"  •■bri,shin>.."  an.l   •Vlc-in'i„|;  -  ""'  """"•  "IHrati.,,,.  arr  calK.I 

cnc.,..„s    i„    i.a.h    c.^,.;r,,,,V,t^,rVl^•uh    V,     ,      ■.       '"^  Thr  thr.-ads   f,„„,  the 

<'V.r  the  traverse  Rui.k-ivs  to    h,-  r«l      T  ,p    l-„    I  scparatol   ai,.l   pas„-,l   „|nvar<i 

tril.mi„«  the  ,hu.Hl   i„  a  In.  ,     n,M  over  ,h      W^^^^  tro  h,.ri.,„„all  ,  ,lis- 

-t   the  ihrea.!   !>...„   side    ,.  vi,      ,,         .    l    ,  '"rf'"^'' ."t    llie   reel.     The   rapid    crossing 

with,,,,,   ta„«Ii„^..     l,e      a t,ra     in  ,ht"    Ik    ?''"  '""   •-'•■'■•at.'.  ha„.lli„^:  an'l  „„wi,„l,„« 

:.^   "Ke-reel"   >ilk    while  <i,k  ^^e  ""    "V   n      1,  "' ':''    '■'  'jrl  'T'  T*  "'"'''  '^  '^"""'' 
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WMIRi;    WW'S    WOk'K   ON    Tllli  SILK   BiXJlNS 


I  lu'  raw  .>ill<  is  tir>t  a-sorted,  ac- 
inrdiii-  to  the  size  .  f  the  tiher.  a~  t'nK-, 
iiiedium.  and  coarse.  The  skeins  are 
jMit  into  canvas  l>a.!j;s  and  then  snaked 
"ver  nit,dit  in  warm  soapsuds.  This  is 
ricessar\-  to  soften  the  tiatnr-d  -^w]]  in 


"kcins  are  (!ry,  they  are  ready  f(jr  the 
lirst  process  of  lnanutactlIrin},^  The 
niiMii  we  now  step  into  is  tilled  with 
■'uindintr  frames,"  each  containinjj  two 
lon^-rows  of  "swifts,"  from  wiiich  the 
>^ilk  i<  wnnnd  . in  to  li^hliin-.     '{"In-  ],  ,], 


the  silk,  which  had  stuck  the  threads 
together  on  the  arms  of  the  reel.  Fol- 
lowing the  soaking,  the  skeins  are 
^traif^htened  out  and  hun-^  across  poles 
in  a  steamdicated  nxmi,  ;is  shown  in  the 
accoiupanyintr  ])iiotograph.      When  the 


u.\    l:ui;iil.>.-5. 


Iiiiis  are  lar;;e  spools  .ahout  three  inches 
loni:,  'I'he  iMihhins  fillci!  with  -ilk.  a- 
wnunrl  from  tile  skein-,  are  next  placed 
on  pin-  ni  (he  "donhlim;  frames";  the 
thread  from  several  hohhins,  accord- 
in?  to  the  size  of  the   -ilk  desired,  is 


parsed  npwan!  throu-li  drop  wires  on 
to  another  Iiohbin.  Should  one  of  the 
threads  hreak,  the  "drop  wire"  falls, 
whicli  action  stops  the  bobbin.  Hy  tlii>' 
ingenious  device  ab-oiiite  uniforni'itv  in 
the  size  of  silk  is  secured.  The  "doub- 
ling frame"  is  shown  in  one  of  the  pho- 
tographs herewith. 

The  bobbins  taken  from  the  "dMiib- 
ling^fratne"  are  next  placed  on  a  "spin- 
ner." Driven byanendlossbcltat  the  r.ite 
of  over  si.K  thousand  turns  a  minute, 
the  bobbins  revolve,  the  silk  frotn  them 
being  drawn  r.puard  on  to  another  bob- 


Ijin.  This  spins  the  several  ;uiu- 
nmght  together  by  the  "doubiinL:  jtroc- 
e?s"  into  one  thread,  the  number  of 
turns  depending  on  the  kind  of  silk — 
Fdo  silk  being  spun  quite  slack,  and 
-Machine  Twi>t  just  the  reverse. 

A  transferring  maclune  combines  two 
or  thi^ee  of  these  stramls ;  two  for  sew- 
nig  silk  and  three  for  machine  twist; 
and  the  bobbin  next  goes  on  to  the 
"twisting  machine" — a  machine  that  is 
similar  to  a  "spinner,"  but  the  silk  is 
twisted  in  the  opposite  direction  from 
the   spiiniing.     To   stand   before  these 


SPISMN-iJ    :1I,K.* 


Sh.K    THRlADS  RliAON     FOR    THE:   WHAMIR 


\v.\rim  stkkh  liiK— MAKiNo  thl  silk  iiiklao  -iMuuru 


ni.ichiin-;  nn.l  wni.-li  Ii.nv  rapidlv  ami 
li<i«  aiH-nnitfly  tlio  do  the  wotk  as- 
signed tliein  is  a  revelation.  Xc  one 
realize^  liow  nicely  the  j)arts  are  ad- 
justed. It  hilt  (ine  liny  str.and  1  reaks 
that  part  (it  the  tnaehinerv  is  stop])ed 
h\  an  antoniatie  deviee  vvhieli  works 
instantaneously.  Xi'ter  tuistin'^,  the 
silk  is  stretehed  hy  an  iiiirenioiis  ma- 
chine called  a  '•waier-.stret'-luT  ■■  This 
smnotii^  and  eon-olidites  the  eon-tit- 
iient  fihers.  giving  an  evenness  to  tlic 
silk  "ot  to  he  (ihiaiiied  hv  ar.v  otiier 
known  process.  The  linhhins  ,ire  placed 
in  water  and  the  -ilk  is  wound  on  t  ■ 
the  lower  of  'he  two  copper  rolls.  I'rom 
the  louer  roll  it  passes  upward  to  t!ie 
■ippcr  roll,  which  turns  faster  than  the 
lower  (ine.  thereby  stretchinij  the  silk. 
Fro  n  the  iipi  er  roll  it  pa-ses  avjain  on 
tf   a  bolihin,  (ttlv  tn  he  aijain 

The  dyeini.;  process  is  a  verv  import- 


ant one.  and  upon  it-  success  (Icpetiils 
the  perinanenc\'  of  tlie  various  colors. 
\'a.st  tubs,  tanks,  and  kettles  sur- 
round you  on  every  side,  and  the  hiss- 
in;;  steam  seems  to  spring  from  a" 
quarter-.  The  "pnm"  of  the  .-ilk  is 
tir-t  Iniiled  out  by  immersion  in  strung 
soapsuds  for  about  four  hours.  The 
attendants,  -tandin;;  in  heavy  "clogs" 
I  bii;  shoes  with  wooden  soles  two 
inches  thick  ),  turn  the  silk  on  the  stick- 
at  intervals  until  tiie  ffum  is  'emoved. 
.\fter  the  -ilk  is  dye(l  it  is  put  int  >  a 
"-team  finisher."  a  device  lookini,'  like  a 
l.iiij,'.  narrow  I>ox  with  .a  cover  opening 
on  the  side,  set  upriirht  on  top  of  an 
iron  cylinder.  The  hanks  of  -ilk  are 
placed  upon  two  piii.s  in  the  stea!n  chest, 
the  cover  fastened,  and  the  live  steajn 
nishes  in  around  the  silk.  This  hrijit- 
ens  the  -ilk,  -iving  it  the  lu-trous, 
ulos-v  .appearance. 


The  P(i;tor«  are  iti.li-lurd  tn  tlio  CiriirHli  .Silk  MAU.  FWf!n-c    Mn«     f.-.r  thtc   sto-- 
nf  ^ow  siik   ,-  m.i.U.   a-   well  :,-   tor  permission   to  use  tlu-ir  spUMidid   life-like  convrieht."  I 
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from   the  (orticcl.    .Silk   Mill.-,   ,it   sliRlit  expense,   spcaiiien  coccons   and  other  helos   for 
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aimon   otteii 


Iinnt.nn.1,'  on  their  prev.    A 
li'aps    15    ft.    out    of   ih 


water  111  :isceiidin,i,'  the   fall 


Why   Do  We   Call   a   C 


s  ot    ri\ 


I  he  Icrm  is 


Why  Do  We  Call  Voti 


le.  k 


ig'  Balloting  : 


'  lie  liTiii  cowr- 


nc  veliic 
\\  heeler 
name  of  the  in 


'I' 


"own  m 


ah  a   Haiisniii  .' 

!  Usually  to  ;i  pul. 
-nirlaml  as  ;i  "two 


or 


vfitintj,  as  ill 
determined 


ea 


rlvt 

halls 


lorms  111   secret      .  ne  hors 


lines  sneli  votes  wi 


ot 
dejmsited  in  the  s.inie  1 


dit^erent  colur^      1 


'•Hirer  or  hirer  iif  the 


■llaiisiim"     (from    th,. 
vent. in.  and  drawn  hv 


pas 


In  a  hail 


■I nil  call,  till' 


one  color  placed  in 
'  ireeks  used  shells 
we  derive  the  term  o-tr; 


>ox.  or 


dls 


ol 


various  hoxes.    Tl 
(ostrakon ),  whence 


H'diately  111  rear  i>i  the  dashlioanl. 
il"  elevated  perch 


1. river  siituiu  on 
'lid,  the   reins   I 


vehicle  sits  im 
llh 


n.C\  the  R 


icism. 


ilIot\ 


iiinans  voted  hv  tickets 


111    tv) 


top.     The  t 


erm  c 


)cinu  pjisseo    over  tl 


>  IS  sometime- 


'plied  to  a  tour-seated,  dosed  or 


when  the  .'^al 


as  lirst  used  iii.Xmeric 


stor.  It 


cm  Church  thus  d 


a  m  i6_'ij,      tile  d 


rriajje.  drawn  h 


one  or  two  hors 


open 


io-;e  n 


river  siltimr  in    front.     The  ti 


'"'Is   in   the  same 


was  em|)Ioyed  in  the  Xeth.: 


also  applied  to  th 


el.ihlished 

thmi'jh  in  '^ 


vear.   hut 


■r-      locomotive,  in 


in 


not 


which  th 


c  covered  [Kirt  of  a 


.■tt-,n,I 


^iiffland  until    iHjj,  n\-      r,-d 


cninn 


!! 


c  entruieer  and 


statiiiiis 


\v:i<  lis 


in  cases 


)    IS   derived    from    the   cahriol 


le  WOT' 


'ht 


nne-1 


lorse  carnaij 


ct. 


with  t\vo 


■  eats 


•111.   Ill    .<nuth     .Vtistrali.i,    and 


WIIM     l'(^()|)lc|>     im      COLORS 


nm;  sii  ? 


and  a  calash  top.  In  l.,,ii,l,,„  I-.n^jland. 
llic  cal)  or  liaiisnm  u.in  cuUvA  tlio  "jirm- 
'lola"  ol  Ihc  I'.ritisli  metropolis  hv  Dis- 
raeli. 

Where  Did  the  Name  Calico  Come  rrnm  ? 

^  '■■•'! '  '.;  .liiioM  li.iih.  ii„.  ,i.,,nt  I,  •- 
iii.L,'  iKiuid  Mom  the  city  of  Calinii.  m 
.\la.Ira-,  where  it  was'lirst  manufae- 
tureil.  and  in  n..^i  hroiij^dit  to  l';n.yl:md 
I'v  the  l;iv|  1,1,1,;,  (  ,,iiip;-.|iv.  tali,-,,- 
priiiliiii;,  an  aneieiit  Indian  and  (  hi- 
neM-  .-irl  lia<  heeonie  a  },'reat  indn-Irv  in 
this  eoiniirv  and  in  Uritain,  as  well  i^ 
n:    Ih.iliV:! 

Who  Made  the  .First  Postage  Stamp? 

I  I  lie  stii'k  on  pii-iaL;e  si,i:np>  so  -en- 

(.■rally  used  to<la\  was  invented  hv  an 
l-.nt.'i-hman  James  Chahners  m  i,S,i4. 
1  he  luif^dish  i  lovernment  passe<l  a  hill 
callintr  for  uniform  postage  of  One 
FVnny  in  1S4()  and  furnished  envelope^ 
hearini;  Manips  printed  on  them.  The 
peo|>le  did  not  like  them.  Imwever.  and 
the  adhesive  stamp  invented  hv  I'hah 
niers  was  suhstitnted.  'I'lie  tirst  st.imps 
n-ed  in  Xmeriea  were  inlrndin-eii  in 
IN  I".  I'eoplo  have,  it  seems,  alwavs 
prelerred  to  liek  their  postaure  stamps. 

How  Many  Languages  Are  There? 

''  '~  -'I'd  lii.il  liu-re  are  iii'^fe  than 
.\4W  lani;iiat,'es,  inclndin.t;-  dialects,  in 
tiic  world.  Most  of  theiii  helonj,',  of 
course,  to  savajje  or  uncivilized  iieople. 
There  are  said  to  he  more  than  'H>)  lan- 
puai^es  used  in  \m:,.  ahnnst  fVtO  in 
Fiirope.  275  in  Africa  and  more  thin 
I.'iOT)  1an<,'nai,'-es  .nid  <lialects  which  are 
\inerican. 

What    Is    the    Deepest    Mine    In    the 
World  ? 

I  lie  niine  that  -ues  farther  down 
than  any  other  in  the  world  is  the  rock 
--alt  nnne  near  lierlin,  (Jcrmany  which 
i-  4,17.S  feet.  It  is  nut.  however,  strai!j;lu 
down  hut  somewhat  slantiii'.^.  The  Cain- 
met  Copper  Mine  near  Lake  .Superior 
is  at  a  depth   in   sotne  places  of  .^ .'»(>) 


The  d. 
irtcsian    uel 


St  1 


lori!,','  ,11  the  world  is  an 


ullich  is  5,5(X)  feet  deep  or  more   ih.i,, 
■■ne  mile  s;rai^;lu  doun. 

What  Is  Color? 

What  i>  lenued  the  colnr-seti'-e  is  the 
power  or  ahility  to  distinjjuisli  kinds  or 
vari.ties  of   li^ht   and   their   distmctne 
flits.      We  owe    the    facullv    of    doini,' 
this  to  the  -tructiire  of  the 'eye  ami  it-> 
el.ihorate  connecting,'  nerve   niachinerv 
I  he  eye   in    man    is    speci.illv   sensitive 
to    liyht.   ami    the    sensations'     we     feel 
tiirouiih  it  en.ihles  us  to  distinijuish  the 
•'ilKTent    colors.       (Her     l,(xx)    niono- 
chrom.itic   tints   are   said    to   he   distin- 
L;ilishahle   hy    the    retina     of     the     eve. 
ll'out;li  these  numerous  tints  are.  in  the 
main,  inei-ely  hleiidinjjs  or  comhinations 
of  the  three  primary  color-sensations, 
the  S',Mise  of  red,  of  j^'reen  and  of  violet! 
I.ach  of  these  colors,  it  has  heen  dem- 
onstrated,  is   produced   hv   li<,dit     of    ;i 
yaryint;  wave  length,  while  white  lit;ht 
i.s  only  li<:;ht  in  which  the  |)rimarv  col- 
ors are  eomhined  in  proper  proportion. 
(  olored    lij,dit,    on    the   other    h.ind,    as 
Xewtoii  proved, nia\   he  produced   from 
white  lis^'ht  in  one  of  three  ways:  hirst, 
ly  refraction  in  a  prism  or  lens,  as  oh- 
served  in  the  rainhow  ;  second,  hy  dif- 
fraction, as  i!i  the  hlue  color  of  the  sky. 
or  in  the  tints  seen  in  mother-of-pe;irl : 
anil  thinl.  hy  .-ihsoi-piinn,  as  in  the  red 
<<>lor  of  ;i  hrick   wall,  or  in   the  f^'reen 
„|    jrrass— the    white   li-ht    which    f.ills 
upon   the   wall   heini;  whollv   ahsorhe.l, 
save  hy  the  red.  an.j  all  that  falls  upon" 
tl.e    .i;r.iss    hiinu;    ahsorhed    except    the 
treeii.      in  art,  color  means  that  com- 
hinatioi,  or  niodihcition  of  tints  which 
i.s    sjiecially   suited    to   produce    a    par- 
ticular or  desired  etiect  in  paintins,':  in 
music,    the    term    denotes    a    particular 
interpretation  which  illustrates  the  phv- 
si.-al  an.-iloirv  helwe.-n  s,,,,,,,!  ,|„,|  ,-„lor. 


Where  Did  the  Ter 


m  Dixie  Ori^jinite? 

uiplird   ori;^in.-ill\    to 
laverv   existed 


I  lie   hrin    wa 
X'ew   York   City    when 
there,     .\ccordiinr  to  a  nivtli  or  le<;end, 
a  person  named  Dixie  owned  a  tract  of 
land   on    Manhattan    Island   an<1    h.-i,l   ■^ 


la  rire 


nuniher  of 


slaves. 


at 


(Its 


M 


slaves    increased    I 


ixie  s 


issouri, 


meiits  of  the  planl.ilion 


lex-onil    the    rei|i|ire- 


maiiv  Well 


It      I 


l-M 


HOW    IJKj    THi;    lAKTM    IS 


111  iliM..:;?  i..ii !   .     .\.,lur.illv  llu'  <lc]„,rlca 
m-jirucs  looki'.l  itpuii  tluir  i-;irl\    lii,nk- 
a.'-  a  place  oi   real  and  al)ii|iiij;'  \uip\n- 
mss,  as  did  tliusc  fnim  tlic  "(  tlf  \  ir 
>;inm"  of  later  .lays.     IIoikc  "Dixio" 
i'lvaiiic    the    syiioiiyiii     for     a     Imalitv 
uliire  the  nejirnes  were  happv  and  emi'- 
teiited.    In  the  South.  Dixie  is  taken  to 
mean  the  Southern  States.      Ihere  the 
wor.l  IS  MippoMd  to  have  heen  derived 
ironi   .Maso-i    an<l    l)ixon".s    line,    tor- 
nierly  .livi.linj,'  the  free  states  from  the 
.-lave   states.      It   is   .sai<l   to   have   first 
o  me  nito  use  there  when   I'exas  joined 
the  L  nion,  and  the  nejjroe.s  sani-  of  it 
•IS    Dixie.      It    has   heen    the   theme   of 
several  poimlar  solids,  iiotalilv  that  of 

■  Mhert    I'lke.   '•Southrons.    Hear    \'our 
tountry   tall";  that  of  T.   .M,   Coolev 

Away  Down  South  where  <  .rows  th'e 
•  "it.iii."'  and  that  (,1  Dan  j'.mniett  tiie 
'nr.iin    n-n.-illy    o,niainin«    the    word 

■  Dixie'  or  ilu-   words   "Dixie's   L.ind  " 
I'lirni-    the    Civil    War,    the    tune    of 

Di.xie  'was  to  the  .Soutiiern  peoj.le  what 

!       Yankee   Doo.lle"   had   alwavs   been   to 

Ii;e    peoi)le    of    the    whole     i'liioii    and 

"liat  It  continued,  in  u;ir  times,  to  he 

lo  the  .Vorthern  people,  the  comic  na- 

tK.nal  air.      Ihe  tune  is  "catchv"  to  the 

popul.ir  ear  an.l  it   was  pl.ive'd  hv  the 

bands   in   the    I 'nion  armv   durin;V  the 

war  as  treely  ;!>  hy  those' on  tlie  other 

M'le.      Durini;   the    rejoiciiii,'    in    Wa-li- 

i:if,'-toii    over   the    surrender    of    1  ce     it 

Appomattox,  a  hand  plaved  "Dixie"  in 

front  ot   the  White   House.      I're-i.Ient 

Lincf)ln  he),'.iu  a  short  speech,  imniedi- 

■■'irly  .itterw.ird.  with  the  rem.irk.  "That 

tune   fairly   heloni,'s   to   us   now;   we've 

''ditured  it," 

How  Big  Is  the  Earth? 

I  lie  tliinj  plaiu  t  in  cpjer  nf  distance 
irom  the  sun.  Mtniirv  .-m.!  Ymw^  he- 
nisr  nearer  to  it.  h  i,.  in  A^pc  .i  sphere 
sii,s,'htly  tl.itteiied  at  the  jioles  and  hulked 
at  the  equator,  hence  it  is  called  ,in 
ablate  spheroid.  The  eijuatorial  di.ini- 
eter  or  ,ixis  niea,sures  7.g_>f)  miles  and 
1.041  y.Is..  and  the  j)oIar  diameter  is 
7.^i'>  miles  and  1.02.^  vds.  The  earth 
revolves  upon  its  axis!  conipletintj  its 
■urii::i  or  tl;ii!v  revohition  in 


day.  which  is  3 


^iclereai 


minute-^  and  ^^.q  sec- 


onds shortci-  tlian  a  iiie.in  .tolar  day.  li 
revolves  .iroiiiid  the  miii  in  one  si.'lere.l 
year,  which  is  .v.5  da>-.,  (.  hours. .)  nun 
nies,  .ind  >,  second>  It,  orbit  or  path 
■Y"uiid  the  sun  IS  an  ellipse.  Imvinir 
the  sun  111  one  <if  the  foci.  I  lu-  .arth's 
mean  distance  from  the  mui  is  .m.oo,,- 
«KX,  miles.      It>  axis   is  inclined  ".o  the 

','i^"'^'  '",.,"'*  .'I*"'*''  ■"  '"  '"'.i^''^-  of  J 5 
-7  l_'.08".  The  circumference  at  tlie 
equator  measures  J4.f<.„,  niile>.  The  total 
-nrlace  is  u^,^joi),jyS  „,.  „„ies.  an.l 
the  soh.i  contents  is  -•(k).(X)o.o,k),.xio 
nibic  inile.v  .\s  we  de.scei.l  int..  the 
earth  the  temperature  ri.se-  it  the  rate 
<>l  I  '•":''"■•  >"r  every  50  ft.  .\t  the 
depth  ol  10  or  ij  miles  the  earth  is 
rul-hot.aiiilata.lepih  ..f  iiw  miles  the 
tempcniture  is  such  th.it  at  the  surface 
"I  the  earth  it  w.nil.l  li.|uefv  all  .solid 
matter  m  tiie  earth. 

What  Causes   Hail  ? 

JIail  is  il.c  n.iiiie  driven  to  the  sma.l 
masses  ot  ice  which  fall  in  slDuers.  and 
which  are  cdle.l   hailstones.      When   a 
iiailstone  is  e.xamine.l  it  is  fouii.l  usu- 
ally to  consist  of  ,1  central  nucleus  of 
comiwict   s„ow,   surnMinded   bv   succes- 
Hive    layers    of    ice    an.l    .snow.      Hail 
l.d Is   chietly    in    Sprint:   an.l    Summer 
an.l  often  accomp.ini.s  a  thun.lerst.,rni 
l;aiIstones  are   f.irnud  b,-  th,.  .rpadual 
nse  an.l  tall,  thn.uirh  .lilVerent  detrrees 
"I  teiiiper.iture  (by  the  action  of  win.l- 
storins).  .ni.l  they  then  tak.-  on  a  o,v- 
eriiiij  ot   lee  or  frozen  snow.  ;icconlinir 
.••■•   ilKv  .are  cariied  throii.trh  a   w/um 
ot   ram  or  .,now. 

With  re^'anl  to  r.ain,  ii  m,a\  1„.  <.,i.I 
"■.  i'opular  lan.<,'uaj;e,  that  iin.ler  the  in- 
Huence  ot  s.jl.ar  l-..-at.  „at,r  is  e..n- 
stantly  rismjr  into  the  air  bv  evap.irn- 
tioii  tr.Mii  the  .surf.ice  .,f  the  sea.  lakes 
nv.Ts.  and  the  moist  surface  of  the' 
.^'■•■und.  I  i|  the  vap..rs  thus  f.,rme<ltlie 
.urcater  part  is  returned  to  the  earth 
as  ram.  The  moisture.  on\'inallv  in- 
visibe.  hrst  makes  its  appearance  as 
cl.iu.l.  misi  or  fo-:  an.I  un.Ier  certain 
atm.)s[,heric  coii.liti,„is  the  coii.lensa- 
tion  iiroceeils  still  further  until  the 
moislnre  talN  u,  tl„-  .-arlh  ,is  r.ain 
Simple  and  brirlK.  llu-n,  r;,i.!  ;.  ,■;..!■..! 
by  the  coolnu'  .if  iIr 


the  c( 
moisture. 


ir  charj,'ed  will 


win    \\i.  CAii,    IMI  M  \MSI)()A\  TIITH 


Why    Dots   a    Human    Beinjj    Have    To 
Learn  to  Swim  '. 

ll  i>  ^lr,iiij;c.  isn't  il,  that  almost  ev- 
ery animal,  fxii|itiii},'  man  ami  |His>il)ly 
tlic  itumkfy,  kiu.ws  how  to  swim  natur- 
ally :  others  siiili  as  hirds,  horses,  un^-. 
eows,  ile]ihaiits,  can  swim  as  soon  a^ 
tliev  can  move  ahout  alone. 

The  trouble  with  m.iti  in  this  connec- 
tion is  that  his  natural  motion  i>  climli- 
ii.j;.  lie  li.'is  heen  a  climher  ever  since 
he  was  (levelo])e(l  from  the  monkev,  ;mil 
\'.  hen  yon  throw  him  into  the  water  hc- 
iiire  he  has  le.irneil  to  swim,  he  iiatur- 
i'lly  starts  to  climh  and  as  a  climhinff 
niotion  won't  do.  for  swimmiu};,  the 
man  will  ilrown. 

This  climhiii},'  motion  is  as  much  of 
.".n  instinct  in  man  and  monkeys  as  tlie 
instinct  in  <lot;s  which  causes  him  to 
turn  round  once  or  twice  before  he  lies 
down  just  as  his  forefatiiers  u-ed  to  do 
ai,'es  au'o  when,  as  wild  dotjs,  they  tir-^f 
had  to  tr;un|ile  the  .ura^^  before  the-, 
cuuld  lie  down  comfortably. 


Why  Do  I  Get  Cold  iu  a  Warm  Room? 

i  -njipose  you  mean  tlie  in'-tances 
wlicn  \ou  5,'et  cold  while  in  ;i  warm 
rniini  (•\en  when  yn\  arc  |irri"ectl\  will. 
'I  Ills  \\i!l  hai>i.cn  dftcii  when  all  nf  the 
moisture  in  llir  rin.in  oiiisidenf  what 
is  in  \iuir  b. id\.  is  eva|)<)rated  by  the 
I'cal  1:1  ihc  nHiin.  'I'lic  remedy  is,  of 
ci'iirs;-.  Id  keep  a  |i,in  of  water  some 
pl.ui  in  ihe  room  as  the  air  has  become 
till,  drv. 

\\  lull-  he.i'  is  nec<'ss,-irv  to  exajioratr 
w.iUt.  the  jirocess  of  evajxiration  |'ro- 
<h'c(s  cdld.  '!'he  qtu'cker  the  evajMir-i- 
I  "11  ihe  sharper  the  cold  feelins,'  ]iro- 
ducril  Xow-  your  body  is  cominu;illv 
ev.aporatin.i;  the  water  from  \oiir  bndc 
wliich  conies  out  in  the  fnrni  uf  per- 
spiration through  the  pores  of  the  skin. 
'Cliis  is  one  of  nature's  ways  of  t.akincr 
tlic  impurities  :ind  waste  out  of  llie 
body.  N'ou  know,  of  course,  don't  vou. 
lli.il  more  tliau  one-half  the  waste  ma- 
tiri.:il    vvlilrli    till.   1i,,,l,-   ..V....1.     f.-.,.,,    .1... 


s\stem  conies  out  lii 


the 


ll  the  p(ire' 


of 


e  skm  rather  than  throui'h  the  canals 


When  the  air  in  the  rnoni  be  .mu- 
too  ilry,  the  ev.i()or;ition  on  the  oiUside 
of  the  iMxiy  pnHceds  faster  and  makes 
>(ni  cold.  Hy  keepiiiij  water  in  some 
vessel  in  t!ie  room  you  keep  the  air  of 
the  room  from  becominj;  too  dry. 


Why     Do     Thev     Call 
Teeth  ? 


Them     Wisdom 


The  wisdom  teeth  are  the  two  last 
molar  ti'cth  to  j,'rou .  I'hey  come  one 
on  e.'ich  side  of  the  jaw  and  arrive 
somewhere  between  the  aires  of  twenty 
ai'cl  twenty-five  years,  the  iia'ne  is 
fjiven  them  because  it  is  supposed  that 
when  a  person  has  developed  ]ihysically 
and  mcnt.illy  to  the  point  where  he  h.i's 
secured  these  l.ist  two  teeth  he  h,is  also 
arrived  at  the  ai;e  of  discreticjii.  It  does 
not  iiecess.irily  mean  that  one  who  has 
cut  his  wisdom  teeth  is  wise,  but  that 
h.ivitii,'  lived  kiiii,'  enouuh  to  grow  these, 
which  comjilete  the  full  set  of  teeth, 
the  [lerson  has  passed  sufticient  actual 
years  that,  if  he  has  done  what  he 
should  to  lit  himself  for  life,  he  .should 
'i.ae  Collie  li\  that  time  at  the  age  of 
discretion  or  uisdom.  .\s  a  m.'itter  of 
f::ct  these  teeth  grow  at  about  the  same 
age  in  peopK-  whether  they  are  wise  or 
not. 

What  Makes  Freckles  Come? 

I-reckles  ;ire  generally  caused  bv  the 
c  posure  01  unproti'cte(l  ]iarts  of  the 
body  to  the  sun,  but  this  will  not  cause 
treckles  on  all  jieople.  Only  jieople 
I'.ith  certain  kinds  of  sensitive  skins 
irecklc.  What  hajipens  when  freckles 
are  pPMlneed  in  this  way  is  this:  The 
sunlight  shining  on  the  face,  neck  or 
arms  of  .anyone  who  has  a  tendency  to 
Heckle,  h.is  :i  peculiar  action  on  certain 
cells  of  the  skin  which  produces  a  yel- 
lowish brown  coloring  pigment,  wiiich 
remains  for  a  time. 

Then  again  the  skins  of  some  jieople 
are  so  peculiarly  sensitive  the  celk  dc- 
\elop   this   kind   of   coloring   matter   in 

:    ■•;       ::.^::t      a!i(l      :.;;,r, 

people    ,ire.     so    to    speak",    apt    to    be 
treckled   fur  life. 
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now    \\\  \  II  \K-\i  I)   lo  ,  I  ^ 


I  n-i  Mua«tiil  imwor-Urivi-n  avni|.|,iiio.    Hi..  |...  ..|.l.,in 

tliw    I.M.T   llic    IViluliuc    luvii    ;ii    iS)<i. 


"Uii  ,kani  iiiLi; 
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M\  iii<» 


Hoat 


Wlaji  Did  Mail  Fust  Try   to  Fly  ' 

M  \\  .>   ili>ii(.-   Ill   i'imi|iKr   llii-  .11    i- 
olcIiT  than  rtrorlcd  liistorv.     W  lu'ii  a 


kill 


w.'l- 


tliiwn    fur   the   first   tiMic 


t!ir 


|irini.i)ilL'  cif  nvi.itii.n.  or  dynainii-  ili>,'hi, 
wa-  um-oviTi-ij.  j.'or  ci-ntiirics  u:ai)  has 
snusrht  the  !m-chaiiiv-al  itjuiv  ilciit-  for 
thi-  tiiin-s  that  ki-i-p  a  kite  llvitij;  .ii-:i,l- 
ily  in  tin-  air,— (lie  power  lliat  lies  in 
the  eorrl  that  keej's  a  kite  hea.iecl  iiii" 
the  wind;  an  e(|niva!eiu  for  tlie  uiml's 
own  [lower;  an  e<|nivalciit  for  the  tail 
\'. 'lii-h  euntrols  the  kite"'^  i  ,i...  .1  ;,,„| 
,;itndinal  l)danee. 

:  .leli    si-|,;,rate    ji.-irt   of   t'le   •inMU-rn 

■ig     niacliine.     .r     aeroplane,     was 

kcd  ont  loll;-  ai;!..  with  the  eseeii 

of  the  L;as  engine  Ii;;lit  ennuj.;]i  an. I 

ieh:il)'e    enoii-li    to    he    ii-ed    for    this 

woik.     The  present  jjcneration  knows 

d>niniic  tiij,flu  as  a  eonmionpl  ice  thinjf. 

nut  Iieerm-e  we  are  ^o  !mte!i  more  elever 

t!ian  jirevi.ws  jjeneraliuiK  in  desi,:nin'4 

tlyiiiij  machines,  but  because  of  the  de" 

velopuient  of  the  niodern   gasoline  <jr 

.n!.rivi'   .•,,i>!h''--ti!!n   rnj^nne. 


Who  Invented  Flying? 

Xo  one  inviiileil  llyin.-.  11. 11  did  ;imv 
one  man  invent  .ill  the  separate  part-  of 
ilie  tl\in;,'  m;uliiiie.  'Iliey  are  tlie  re- 
snlt  of  evohilii.n.-  of  the  eomhi-ed 
work  and  th m-hi  of  hiuidre(l>  of  men, 
many  of  who^e  names  .are  iinreeirded 
To  alteniiii  to  find  the  tnu-  liejiinini; 
of  the  niodern  llyin<  machine  woidd 
lie  a-  ditVu-ih  as  .ittempiin,-  in  diMover 
who  pl.mted  Ihe  seed  of  the  tree  lro!li 
uhkh  one  h.i-  yatliered  a  ro-e.  Ihr, 
the  tree  from  uliieh  all  the  llvinjj  ma- 
chines, or  aenij)lancs,  of  todav  lav.- 
spriinj,'  imdonbte.!!y  is  Dr.  Samuel 
I'ierrpont  l.inuley.' thir.j  secretary  of 
i;itii>onian    In-tinuion. 

Some  of  the  Men  Who  Helped. 

'I'.-ikiiij;-  the  ;!1om  c..;;-]iiciiii,.,  1,,,  mcs 
of  scienii.-is  who  worked  out  various 
details  nf  the  .leroplane  dnrinuf  the  pa>t 
centurx  we  tind  that  a  ceninrv  aj,'-o  .^ir 
<;eorsrt.  (.ayley  h:uh  a  tnachinc  .iti  liiics 
very  similar  t,i  tho.se  accepted  today, 
and   lie   ueiit    -o    far  a>   lo   foretell   tlie 


lUTVSMty      of      (KvtlKllitljr      llli.      iiitcni.il 

»"nil)ii>li(iii  i-ii:4iiK'  liifon-  .Ivtiamii- 
iliylit  ioiilil  l.c  a  Muvfs>.  Mr.' I'.  II. 
W  iiiliatii.  in  lX(p(.,  alsi.  hiiili  a  Ihiii- 
niaohiiii-  alonn  iMiivciitiimal  lines  and 
innl  I,,  ily  it  uitli  a  -team  rni^ini'.  wliiili 
lit  fosir.sc.  jirovi'il  till)  Iii-aw. 

M.  A.  iVnaiid.  a  IVcncinnan.  in  on- 
luTiini-titini;-  w  ii!i  uioili'U,  sci-ni-  li>  Invc 
liLTH  till-  til-,!  to  iii-ii>vir  tlu-  nivi>~iiv 
<>i   viTiii-al   ami   hnri/,.ntal    rudiiiT-;    lii 
niaintainin,-     h.ilaiictv        .Mr.      Horatio 
l'liilii|w.    an     i-:n.-.;Iisliinan.    .iisoovcri-d, 
and  palonlol.  tin-  u.si'  of  i-nrvt'd  in.sti-ad 
■■I    ilat    Mirlaivs    for  the  jjlaik's.     (  )tt() 
and  (iiistav  I.ilit-ntlial  are  .said  to  liave 
In-en    the    first    to    attempt    to    l)alance 
•iero].lane^    liy    tlexinj;   ..r    Iiendiiij;   the 
winijs.         \arioiis      others.      ineindini; 
Messrs.  Richard  llarte,  iJ.ndton,  Monil- 
laril.   worked   oni    irieas    for   halancini; 
mac-liines  I)y  llie  nse  of  anxiliarv  planes 
uhieli  could   he  set   at   .lirferent   angles 
with  re>;ar<l  to  the  line  of  llifrlit.  thus 
forcini,'  the   machines  to  different   ix>- 
sitinns  l>y  the  force  of  the  air  rushini,' 
a;;ainst  them. 

[)r.  I.an,!.iley.  trained  in  -cientitic  in- 
ve-^tii^ation,  condncted  an  clahorate 
••cnes  of  experiments  coverin"  ni.inv 
\cars  and  eostiiiij  thou.sands  of  dollars 
to  test  and  q)rove  tlie  value  of  the 
claims    of     the    earlier     iiuestiijators 


.•^onie  thin;;,  which  he  thoni;lit  :„.  ^va. 
the   tifM   to   di-cover,— such   a>   t!ie  ef- 
lect  of  the  vertical  and  liurj/ontal  rud- 
der>.  -he  later  found  had  alre;id\   I.een 
I>roven    l.y    others.      Indepeiideiulv    he 
covered   ihe  entire  liehl  of  e.xperimeiit 
anil   alter   linildiiii;   Inuidrcds   of   small 
models  he  succeeded,  in  lS'>h,  in  makini; 
a    machine    wei^'iin-    several    ].onnds 
ei|Uipped  with  a  very  li-ht  steam  eiii^inc 
which   Mew  .safely  as  Ion.--  as  ihe  "fuel 
la-ted.     For  his  early  exiierimein-   Dr. 
l-an^dey  wa-   alVorded   financial  a^-i^f 
ance  hy   .Mr.   W  iMiam    I'haw   ..f   I'itts- 
Iniri.:.      ,\fter  the  succe>s  of  his  small 
nuchnies    Dr.    Lan-ley    was   asked    to 
undertake  the  con>iructinn  of  a  lar?c. 
man  carryinj,'    machine,    and    ("on^rvrs," 
voted  him  .S.-0.(X)()  to  carry  on  the  work 
A    larije   -.hare    of   this    was   .spent    on 
the  development  of  a  verv  li<;ht  .<,'aso- 
iine  enjiine.     The  machine  Hnallv''was 
completed,      hut     wa>      twice      h:dkcn 
throu^jh  defective  Imnchitii;  appnrafi- 
Con.uress  and  Dr.  f^m.udev  were  so  rid^ 
onled  hy  the  public  pre>s  tiiat  the  ma- 
chine wa.s  tentporariK  abandoned.    Xnt 
however,  until  after  Dr.   I^nuiir'fv   had 
.siK-cessftdly  tlowii  a  steam  driven  ma 
chnic   much   hv^vr  than   manv   oi    tiic 
racint,'  aeroplanes  of  todav. 

Hut  eiyht  years  after  Dr.   I.anjjiev's 
death,  which  is  .aid  lo  h.ivc  hern  due 
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Tur  iiksr  m\n  *.  \U'in  imi  \i  Iv'dpi.am: 


(iliiiii  II.  (_"iirii>>  at  lluiiiinuiiil!>|)urt,  N.  V.,  11JI4. 


it^jH,  .lliMMi    liy 


the  lii'.irt-lirc.-ikiiijj  ili»ai>iM)iiitmcii: 
ill-  .-lUiVrcd  ill  trying  tn  (lfin(m>ii;itr  the 
Inr^^c  inacliiiif,  (llinn  II,  l"nrti-».  ,it 
tin-  riiUK-ii  ..|  t!u-  SniitliMmian  Insti- 
liilion.  riliiiilt  the  ..Ii]  l.ani;h-y  machine 
ami  snci-i'i'ilffl  in  nnkintr  a  llii,'lu  uith 

•    ti    Hani 1  ^'     \         •     Mav 

1"]-!. 


While  l(.ii.;;er  lli},'hts  j.niliahK  nil!  lie 
maile  with  this  niaciiine  mine  will  attain 
{(ri-ater  iiii|.i.rla..  .  iiecaiiM  I'.is  tir-t 
lli.;,'lit  with  if  wa-;  siitHoieiit  to  e»tati- 
lish  for  all  time  the  fact  that  F)r.  I«in-- 
ley  hnilt  thi.'  tir-t  inaii-i- irryin;;  ma- 
rliine  eipiipiied  uith  a  i,'asi'liiie  engine 
and  able  to  fly  and  rai<e  it-elf  «itli  it- 


r- 


I  r.im   viiw   cf   Ijik   Langlcy   iiiadi 


IIU-    111     l')I_|. 


•  hi:  Ar\cui\i 


'^""     Allici    lilll^K,!     ,n\\    IN 


•iK.ro  til 


This 


'ti  was  accot)ipIi.|u.,|  |„    „tl,c 


"■'.''"  ''\'^""  '""'K'  nine  afiiT  |)r   L;,„,- 
"   •'>•   with,   bill   .iI,o  ..,.,;..i   .    .*? 


"'•'.•.   but  aI>o  larrii.l   p..nt,.oii 

'  '•••'l<v'  I  iK^.t  fniiii  the  water  ,,osMl>i: 
null  addeil  Mo  •  ' 


K...  uu  a,  ,  K-  C  „rt,,s  type  nf  machine. 

^V  Al.  nerriM),'  t.,  Mr.  Channte  an.l  hv 
i;;'- tra,iMi,,.te.|  to  .NIr.  U  mmr  \V  ig 
1      ■"?  cxpress,.,n  i„  ,he  Wrijrl,,  tvpe 


of  hijilant' 


e. 


pumicls  to  the  (iriijiiial 
\i'i«lit  III  ;he  iiia.'^  "' 


....  -lime. 

I  he  .•oniiei-ti.Mi   l)etweeii    I  )r     I.anrr 

'vs  w,.rkan,|  present  Mia.-hines  is  not- 
f.i-y  to  iraie,  thon-h  „,„  „|„i,„„ 

•   ^''iitli>..i,ian   In- 


..tTT 


I'MI,    uIk„   ,i, 


11'^'  thir.l  line  is  tliat  lea.iin;;  to  ihr 

no.leni  monoplane  seliool ;   Af    |!|eriot 

'•"^■•"^'"•s.  o.pie.Iin,otothetm     1 

;;';";'I''--"7   t-rtn.   .^nerallv   know,,   a' 

'r.     -""'''^■>    <>:i;^'-  -""I   later,   with   the 

ilcvelopni.i,'  into  the  ino„o-,l,„,e  a-  I<"o.. .' 


tod.iv 


'  ■■•■'>■  ol   early  Lanijlo   model  «itli  whic; 


>t>tiiiion  pnl.h>hc.l  memoirs  written  l.y 
l.r.  .an^'ley  in  18')7.an.l  xmie  memoirs 
ot  -Mr  (  ictave  Chanutc.  a  I-Vendi  entri- 
neer  who  reside.l  in  Chicairo,  and  who 
torms  one  of  tlie  main  connecting  links 
I  he  cha,n  ,s  pracficallv  completed  bv 
notes  lett  by  the  late  l.ie'iit.  Thomas  Sel- 
'ndi^'e,  I  .  S.  A.,  America's  first  martyr 
to  avialum, 

I'r.    I^-mijley's   knowIed<rc    is    rcpre- 
>cnted  in  modern  aviation  bv  tiiree  dis- 
t"H-t   hnes.     The  central  and  most  di 
act    Ime    is    through    Dr.    .Me.vander 
I  .raiiam  I, ell.  inventor  of  the  tele-.l-r.,,,. 
'"  tiic  .\enal   l-;.xperintent  .X.ssoc'iation 
i"<    thence  to   .Mr.   Tdcnn   If.   C-„rti.s. 
■i!i'l    .inds   Its    e.vpres.sinii    i„    uliat    is 


lilir 


'-'V^. 


■    \^  "'■''';•■  .«^7Ption  of  M.  nieriot  it 
>  doubtful  „  the  otliers  fnllv  realized 
the    Mnirce    of    their    inspiration.-not 
to  call  It  intormation. 

Dr.  Hell  was  interested  in  Dr  Lan- 
leys  work  for  more  than  ten  vears  l.e- 
f"re  )i-.  I.an.:rley  ^ave  up.  "  He  oh- 
>trvcd  many  ot  the  tn;  "  .  and  his  re 
ports  of  the  first  succ  .  .  d  tli^hts  are 
mcorporated  in  the  of-tic.al  piiblications 
ot  the  .Smithsonian  Institmi,,,,  Dr 
I -ell  I)eya„  some  indepen.lent  evneri- 
"H'l.ts      but    follouinjr    rv.     F..a„A-v'- 

'K-;,.,hefui::icdihe.\c,ialExperimert 
.U.sfKia  ion.  to  carrv  on  ti,e  work  let, 
hx  Dr.  Lani;ley.  Hu-  members  of  thi. 
"r.'am.,a,io„  were.  Mr   Cm'--    at  that 


Or 


1.^0       \\M>I     lUO    IJROIMikS     \CC()MI'I  ISMII)    \  OU    I  I  ^  IN(i 


ti  lit  t!ic  mo-it  -iirccssttil  hnildcr  of  Ii.;h! 
mV.ors:  L;<mU.  Thoiiias  11.  Sclfridyfi  • 
r.  S.  A.:  M.-.  J.  A.  n.  MoCurdv  an.! 
Mr.  F.  W.  r.aldwin,  two  vonnu  ^'-y- 
mdinn  cn^'iiu'crs.  Mrs.  Hell  financ(<I  the 
prnject.  fiinii-liinp  tlic  sum  of  S.v^.<il<i 
for  tilt'  fsinTimfiits. 

The  W'riu'ht  I'ruthi-rs.  for  Wi'hur 
WriLclu  wa<  joiiuil  hy  his  hmthi-r  i  tr 
villi'  ill  the  cxin'riiiieiits,  were  the  trst 
to  reap  success  ficm  the  sceiU  ol  Dr 
Linqflev  ■;  sowing.  Mr.  Cliamile  had 
been  experinieiitins,'  with  a  hi)>lane  f"rm 
of  iiTotorless  ulider  with  little  success, 
becaii-^e  of  lack  of  mcan.i  for  balancing 
the  maciiines  in  the  air.  tinti!  he  was 
joinecl  by  a  former  employe  of  Hr. 
i.aiij,'Ie\.  He  appears  to  have  iiiipartc  1 
to  >Ir.  Ciiaiuite  the  secret  of  the  sta- 
bili/iiit;  etVect  of  the  I'enaiid  t  ul.  or 
coinbin.-itiiin  of  vertical  ami  horizont.il 
rudders.  There.if  or  hundred-  of  sue 
cc5>fnl  ir'idiiii,'-  tliylit-  were  made  wit!i 
the  C  hamite  biplane,  tl.oucji  Clianute 
seem-  not  to  have  ^ra^iied  the  full  si.:- 
nificauce  of  the  rudders. — thoujjh  it 
was  well  iiiider-tood  by  Dr.  f.ani;Iey. 
To  the  iliaiuite  machine,  as  <le>crilx»d 
to  him.  Mr.  Wright  added  first  the  i  lei 
of  tiexinyf  or  waqiintr  the  wiiii^s.  aftci 


the  f.isliioii  -et  bv  the  f.ilientli.iN 


H. 


found,  however,  .is  I>r.  I.an..;Iey  hail 
found  years  before,  that  in  attemiitinj,' 
to  correct  lateral  b.il'ince  in  thi-  way 
caused  the  aeroph.ne  !■>  swerve  to  -^itc'i 
an  extent  th.it  the  fixed  verticil  milder, 
as  oriijinally  em]i!oved.  did  not  corre-t 
the  iip-ettinjT  ten!etir\  tliat  wa-  di' 
vel  ped.  Mr.  Wriiriit  then  arranged  hi- 
nidiler  in  stich  a  way  that  when  the 
w  in'.,'  was  waqied  the  rnd  Icr  turned  in 
a  w.'iy  to  ofTs-et  the  'werve.  This  com- 
biiLition  »vas  patented  all  over  the  world 
and  has  resulted  in  much  oom])licated 
litiijatiou. 

To  this  machine  the  \Vri;^n  Rrotlier.s 
added  a  s,'a»oline  motor  in  Decetiiber. 
\'W.  and  with  it  made  n  '  !  'rons  IliRht-; 
durin.;  I'HM  5.  Their  claims  were  iV't 
trcner.illy  credited  however  until  a  later 
d.ite  for  their  cNpirinient-  had  l>ecn 
cotidi'cted  with  considerable  secrecv. 
;md  dnrinvr  T'OT..  Vn)7  and  nn.i!  bte  in 
I'TtS  rhi'v  did  no  more  flvinfr. 


In  the  me.nitime  M.  I'.leriot  had 
made  a  copy  of  one  of  tlie  earlv  l^autjlex 
tandem  monopluie  models  and  made 
some  f.airly  successful  llitjhts  with  it 
in  luirope.  Later,  a-  fjasoline  motor- 
developed  in  ])ower  for  weij;ht.  he  re- 
diiceii  the  rear  >urf;iee  until  tile  modern 
moiiopl.iiie  evolved. 

While  ilkriiit  wa-  wurUiiii;  in  Ku- 
ro|)e.  !  )r.  I'.ell's  Serial  I'Ai'eriment  .\s- 
sociaiion  in  .\nierica  wa-  evolving;  still 
anoilier  type  of  machine,  and  tlie  mem- 
ber- of  tlie  a-soci  ition  made  the  first 
successful  public  lli'.,dits  in  .\nieric;i. 
Mr.  t'linis-  Willi  the  Scienti;ic  .XnuTican 
Tnipliy  for  the  first  time  on  lulv  4th. 
I'lOS.  liy  a  str.iiv'htaway  tlijjht  of  more 
th;in  a  kilometer.  The  b.i'anciii';:  svs- 
lem  emiiloyed  by  the  A.  V.  \.  ditTered 
from  that  employed  by  the  \\"r'i;!it-  and 
by  lileriot  in  that  sni;i!!  auxiliari-  plin^e 
;  lok  the  place  of  w.-irpini;  plane-  tor 
ri-litin;,^  the  machine.  This  thev 
claimed  to  be  a  snjierior  nut'  od.  first. 
Iiecause  it  eliminated  the  ii-e  of  the  r'ld- 
der  as  beinu:  aiis. ilntely  essential  to  the 
balance  of  t'le  machine:  sec  md.  I>ei.'uise 
it  enabled  tiiem  to  make  the  main 
planes  rigid  througlio'it.  and  conse- 
ipiently     stroni,'er     thin     the     flexib'. 

Jil  UK'S. 

There  are  se\t:il  other  names  th.at 
must  be  mentioned  in  connection  with 
the  early  history  of  <icci->>fiil  lli'^ht: 
these  are  the  I'rcnclimen.  Mis-rs.  Henri 
I'arm.in,  Maurice  l";irnian.  the  brother- 
N'oisin.  and  Santos  Dnmont.  These 
produced  some  of  the  first  nutablv  sue 
cessfu!  aeropl.me-  in  Ijirope  but  seem 
to  have  discovered  nothiiijr  which  ba- 
llad any  markeil  eftect  u]>on  the  latr' 
development  of  ilyiu','  nuichines.  .M 
!"arman  adojited  the  ;iuxili.iry  jdanes 
used  by  the  .\.  \\.  \.  .iiul  modifiul  them 
to  -nit   his  idea-. 

X'olumes  could  be.  in  f.ict.  have  been 
written  alMitit  t!ie  exploits  of  the  fir-i 
ilemonstrator-  of  t!ie  practical  heavier 
than-air  llyiii'.:  m  ;c!iine>i. — of  the  cros- 
hv^  of  the  {•".ngli-h  ("liannel  bv  llltriot 
of  tile  llii^dit-.  by  Willmr  Wri'Tht  .it 
Rlieims.  France:  of  Mr.  Curtiss'  wiii- 
nint;  of  the  fir<\  Gordon  P.cnnct  Int-  - 
national    •^peeil    trophy    a'  j    ''is    lliudit 
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AEROPLANE     "RGD  VOmi TMOTORKfffRt     M   V 


'Ijnvn  tlK-  ilu.l-u,,  ium  All.anv  to  Wnv 
^ork:    ot    Orvilk-    WnYrhfs    flijiht    at 
l;ort    .Mcycf.   a.hl    ilic   .k.;,,!,    „f   l.jem 
■^chndge  uho  \va>  tlvin^^r  ui,i,  i,,-,,,    -j-],^ 
liarcsl   record  of  thesu   iiitiTcsting  ac- 
o.mpli-linicnts  uotil.l  fill  vohnnev      (  )| 
the  aeroplane   proper  it   is   enou-Ii    to 
s-iy  here   -hat   since   I'm   its  <k-veloi)- 
mont  has  In-en   too  rapid    for  accurate 
reconim;,'.      In    strength,    in    speed,    in 
relial)ihty,  in  si/e  and  carr\  in-capacitv 
It  has  developed  at  a  reniarkahlc  rate' 
At    this    writinj,'   the   speed    record    i. 
al.out  UO  nnles  per  hour:  the  .iiiration 
record  i-  more  llian  ->.(  h.nir^.  non-top- 


the  di>tancc  record  i.  Mime  l.MtO  mile- 
1"  one  day:  the  altitude  record  some 
J  ...XK)  feet.  Xew  records  succeed  the 
od  ones  With  such  rapidity  that  pml. 
al)ly  before  this  can  he  priiited  all  the~e 
present  records  will  h;ive  been  -rcatK 
ecliji'-ed. 

.Meantime  the  aeropl.me  ha~  de- 
veIoi)ed  greatly  in  other  direction^  in 
tlyiiig  over  land  with  the  earlv  tvpes 
of  machines  many  fatal  accidents'  oc- 
curred,  particularlv   to   tlie   ilicrs    wh.. 

ol'^'i  f^'^''''"'o"s  everywhere  during 
I"0".  1-'1()  and  l'»ll.  A  nuijoritv  o? 
these  accidents   were  indirectly  due  to 


t.-t 
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1 1'f  hiplaiu-  1 


..   wlMd.  (..   II,  Cum,.  ,k.v   from   Albuny  to   New   York  ,„   „„o. 
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SOWI     I  \MOl  S    lOkCUiN    MONOIM.WES 


.\  iiMikrii  l.trnian  inuiioiil.iiic. 


The  .nachiiii;  in  wliuh   lilcriol  crusstd  tlu-  F.iiRlisli  Channel  ni   !'/>;.     A  niudiiica   l.ant,!' 

type. 


L 


RoUand  Garros  and  monoplane  in  wliich  he  flew  n.-ross  the  Mediterranean  Sea  in  loi.l- 


TMi;    WONDIf^ll  I.    ii.MNd    ,:nx, 


i:i3 


:ii<.-  fact  that  a  very  sniootli  Mirfaci'  is 
>cqmR.d  for  laiulin;;  a  fra^^ilc  maohi.ic 
•">'">nsr  .-It  In^h  >|,ccMl.  The  o!ni.,„s 
^xpohcm  was  l„  ,Icvc-l.,p  niacI.i.R.s 
capal.Ie  ot  rising  from  an,l  aliditiiiL' 
npoii   ihc   water. 

Durin-  the-  winter  of  I'(l(t  ami  I'lH 
•Mr  Lurtiss.  who  had  continued  in  e- 
pendem  experiments  iipun  the  (h4)an(l- 
'iient  ot  tile  AiTial  |.;.xpcriment  Asso- 
ciation, succeeded  in  prodiioini,'  tile  first 
inachme  to  safely  leave  an.l  return  to 
t  le  water.  For  the  development  and 
deniun^tration    of    thi.s    tvpe    of    |]vin.. 


and 


"■"■•■"  ,^   •■'■"I    ^'niateins    ,„i,..    .v,nt 

<'  sliow   tlut   water  living  offered  not 
•  tile  ia..test  and  most  cumfortai.le 

niode  .,1  rapid  travel.  Ijut  also  the  safest 
»"r  .Imiiii,.  1"1.^  several  hundred  thou- 
>.md  ,nile>  were  llown  l.y  navv  aviators 
a,.d  amateur  emh„sia>ts  in  Curtis. 
«atcr  thin-  machines  without  a  sinele 
serious  accident. 

What   aviation    uilj   uw:m   to   future 

fhrc"'','.r'"''~7"''-'''''"^^'™^-"'i°n'n 
the    c      r..e   o     a   tew   years.-it    would 

hi  o  hardy  to  try  to  ,i;uess.  .\(r.  Rod- 
'"an  \\anamakeraIrcadvl.asa:,r.edto 


a 

if  the 


^luJnnc  he  was  awarded  the  .\ero  Cluh 
of  America  I  ro,>h> .  and  when  during- 
'  'I-  lie  produced  >till  another  tvpe  (if 
uater  tlyin,-  maciiine.  the  furtiss  Flv- 

Avro   t  lul,      rophy  and   also   voted 
'•••"i:;lcy  .Medal  hy  the  directors 
•  '""hsniiian  Institution 

.V..t  nntil  the  .levelopmcnt  of  the  llv- 

".^   iH.at   ,lid   tlie  general  puhlic  Ik'^mu 

:■    akc  a  |.artic,paiive  interest  in  avia- 

.  M      hii     as   soon   as   the   comparative 

safety  ot  this  type  of  machine  I.ecanie 

;'l|I.arent    the   new   .port   In'^an    to   he 

-!i<cn  np  rapidlv  i„,,|,  j„  ,,,j.,  ,.„„„,. 

•""'    '"    '■"'■"I-       Tlie    experiences   of 


.^:ii^    l>".a. 


turmsh   the  financial    support    for    Mr 
t  iirtiss-  attempt  to  l.uild  a  machine  to 
II V    across    the    .\tlantic    Ocean,    from 
\meri  ,a  to  l-.urope.  If  the  venture  is  suc- 
ce.sslul  It  IS  expected  the  cros^insr  will 
'i-  nia.le  in  a  fracti.m  <.f  the  time  taken 
l>y  the  tavtesi  Transatlantic  liners     The 
discovery  of  new  metals  and  new  mann- 
factiirm-  methods  will  certainlv  result 
111  the  development  of  li-ht  motors  that 
iiiav   Ik-   rehcd   up,.n    to   run    for   dav^ 
witlioiit     stopping,    ami    antomaticalK 
•stahle  aeroplano   seem   to   he   not    fir 
a»av .     I  !„=  will  result  in  overland  ili>.;,i 
as  .sate  and  sure  as  we  now  etifov  ,,ver 
water. 
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INSIUU    Ol     A    MOUukN    I  LS  IN<J    150" 


I    inl'ir  arraiigi'iu.iit  ul   iiindcrii   tlyiii>;  boat,  slmwinK   fuel  tank   ami   iiistrmtuMit  Imar'l 


Six-passenger  fljiiig  boal  luill.    Tliis  macliiiie  \\u\  n>   i.ooo  niilts  wiiliout  stwpjiii-.^  f.jr  f;;cl. 
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rLN     IN    A    FLMNd    I5() 
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At  prociu  llic  ^rcaic.-t  value  <ii  the 
at'roi>Iane  -ccni*  to  l>e  fur  military 
ri'CdiinaissTiico  and  all  tiio  great  powiTS 
are  striving  iticir  utmost  to  ••t'ciirc  su- 
ivrcinacv  in  the  air.  I'raiioc,  ( iiTniany. 
i\n->ia  aiicl  iviiglanil  liavc  'o  elate  s|iiMit 
niillinns  in  developing  aeroplane  fleets. 
Only  the  government  of  tlie  I 'nited 
States  lias  tailed  as  yet  to  a])preeiate 
the  military  signitic.inee  of  tlie  llying 
machine.  If  the  relative  aeronaittii'al 
strengih  of  tlie  wnrlcTs  nation',  were 
represented  alpha!)' tically  the  U.  S. 
wonid  natnrally  scarce  have  to  change 
its  initial,  l'  !>eing  slightly  in  advance 
of  /  which  uo;i!d  -land  for  Zuliilind. 
lUit  even  with  it-  modest  ci|nipmcnl 
the  navy  tlicrs  of  the  I'nilcd  .states 
proved  the  great  worth  of  the  aeroplane 
and  the  llying  Imat.  when  during  the 
recent  trouliU-  in  .Mexico  the  air  ~conts 
gathered  in  a  few  minutes  information 
that  could  only  have  been  secured  by 
(lav.i  of  cavalry  scouting  before  the 
advent  of  the  llying  machine.  Indeed, 
the  name  of  Lieut.  1'.  X.  L.  I'.ellinger. 
the  most  able  of  the  naval  ilier-  at  \  era 
t'ni/;,  has  figured  more  ])rominently  in 
the  des]ia!ches  from  the  front  than  that 
of  any  other  officer  connected  wiili  the 
expedition. 


ll\mg  seems  certain  in  the  very  near 
future  to  take  its  place  as  tlie  fastest, 
safest  and  most  comfortable  mode  of 
conveyance.  'i"he  living  boat  will  ren- 
der (|iiickly  accessible  the  vast  countrv 
l>ing  along  the  great  rivers  of  ."south 
.\meric;i,  .\frica.  an.l  .Australia;  it  will 
brid.ge  the  great  lakes  and  the  oce.ins: 
bring  near  logether  the  islands  of  the 
Pacific  <ind  Indian  oce.ius.  It  will  make 
imperative,  because  of  the  speed  with 
which  distances  will  be  traversed,  of  a 
langu.ige  common  to  all  peojiles ;  and 
treble  man's  life  without  extending  his 
\ears  by  making  it  possible  to  see  and 
do  ihree  times  as  much  in  the  same 
leiigili  of  time. 

I'en  vears  ago  on  that  da  v.  Decemlx^r 
17,  l'»l.?,  Wiibur  .111(1  (  >rville  Wright 
made  four  llighls  on  the  co.ist  of  .Vorth 
I'aroliua  near  Koiiiioke  Island,  a  s|)ot 
historic  in  .Xmcrica's  lii-tory  as  the  site 
of  the  first  English  settlement  in  the 
Western  I  Ienii;>liere. 

■jlie  first  lliv.ht  started  from  level 
groimd  a.gaiust  a  -'7-mile  wind,  .\fter 
a  run  of  40  feet  on  a  monorail  track, 
the  niachiiie  lifted  and  covered  a  dis- 
tance of  ]20  feet  over  the  ground  in 
12  seconds.      It  had  a  speed  th'-ougli 


the 


of  a  little  over  4.=^  feet  iier 


ri'.i! 


(  uili^-.   ri;.l,i 


UN    MARS    Ol     II.MNci 


end. 


nil 


■'"'I'll''  lli:;hi.  ii  ,„a,k.  i„  calin  an 
would  liavc  aniTi'd  ;,  distance  ol"  ovi  r 
.S-lu  fi'ct. 

\li":^nlirr  tour  tlij;lit-  wcro  made 
""tlH'i;-!,.  Tl.f  first  and  third  by  Or- 
;''^'  \\nir\.t.  the  stv..nd  and  lonrth  by 
\\  .iiMir  \\n},dit.  The  last  liiolu  w:ls  the 
l"njrest.  coyenni,'  a  (h'-tance  of  S^  '  feet 
<>ver  the  -roiiiid  in  5"  ^eornds  \ffer 
the  fonriii  iliyht.  a  -n^i  „f  wind  struck 
llH-  inadiuie  s|an,li„i^  „„  ,)„.  nmnii 
and  rolled  n  over,  injnrinj,'  it  to  an  e\- 
U'lit  that  made  iiiriher  ili-hts  with  it 
HnposMble   for  tliat  year. 

The  tjhMin-  eNperinients  of  Lilienthal 
•n    lS'<f,  le,l    the    WrifiJu    P.rother,    i.. 
baome  nUerestod  in  tliirlit.     The  nex' 
four  years  were  spent  in   readin.'  and 
theonzmjr.    f„  ji^,  |.-.,]i  „f  !.»()() practiei 
expennients  were  beffiin  with  a  man- 
>-.-'rryms:    .irlider.       These     experi.nents 
were  carried   on    from    the   sand    hi 
'H-ar  Kitty  I  lawk.  Xurtli  Carolina.    Th, 
fn-t  i^h,ler  uas  uithout  a  tail,  t!ie  lateml 
e(|uilibrmni  and  tlie  ri,i,dit  and  left  steer- 
ing were  obtained  bv   waqiin-r  of  the 
mam  surfaces.     .\  tle.xible  forward  ele- 
vator   wa*  nsed.      This   machine   xyas 
ilown  as  a  kite  with  and  without  opera- 
;"r,  .-ind  -even!  -lides  were  made  with 
It. 

A  second  marliine  was  desigr  ■  •  ,,t 
larsrer  size,  an.l  manv  -lides  were  ..lade 
uithitinl«^)l.  This  machine  was  sini- 
'iar  to  the  one  of  l'i«)()bnt  had  shVlulv 
d^H'i.er  enrud  Mirf,,ce>.  Fxix-riinents 
unii  tins  ;i;a-liiiie  demonstrated  the  in- 
accuracy of  ail  the  recotrnized  tables  ,,i 
air  pressures,  upon  '.vl,idi  it.  desi-n  ha< 
I'een  Kised. 

I"     1"02    a    thinl    glider    was 
-liucted,  based  upon  l.ibles  of  air  i.res- 
-nres    ma.le   by    the    WVio],,    I'.rothers 
themselves.      -|-he    lateral    control 
niamtamed  by  warpiny  surfaces 
verlica!    rear   rudder   openited    '■ 
iiinclioii    Kvhh  the   Mirface-       X'earlv 
tliousand     iiMlu^     dioht,    were    ma. 
"ith  this  in.achiiie. 
.  fn    imi,   the    W'ri-ht    rirolhers 

signed  a  machine  to  Iv  ,!..., ;.i. 

-'"'tor.     Thev  also  designed  ai.rbn.lt 
Ilicirnwn  niot-r.     Thi.  had  four  hor 
zoiital  cylinders,  4  in.  by  4  in.,  and  di 
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INTEIRL.STING    u()\  l.RNA\KNTS    IN    [-LMNCi    MACHINES 


vcloped  12  h.  p.  Two  propellers,  turn 
iiijj  ill  i>|)jK)site  (lirci-tif)ii',,  were  driv  i 
by  ciiains  fron;  the  cnj^iiie.  Aft'  r 
many  delay >  tlie  iiiacliiiie  was  fiiuilly 
readv  and  was  llnwii  dii  tlie  l~tli  of 
i  >ireiiilier,   I'H).^,  as   related  at)()ve. 

In  the  Spring;  of  1"KH.  power  tliijlits 
were  contiiiiieil  near  Dayton  witli  a  ina 
eliine  similar  to  tlie  one  llown  in  I'HJ.V 
It  slifjlitly  heavier. 

rile  tirst  oon'iiletc  circle  was  accom- 
plished on  the  JOtli  of  Septeniher.  l'''>4. 
in  a  rlijilit  cove'in^  a  distance  of  .iIkhU 
one  mile.  Altoj^ether  105  tliizlits  were 
.'ttempteil  (inring  the  year,  the  longe-.t 
of  wiiich  \.er,-  two  of  five  minutes 
each,  cov.Tin^'  a  distance  of  abor.i  three 
miles.  .MI  of  the  flights  were  started 
frf)m  a  mon(.rail. 

Vfter  Se]'teml>er  a  derrick  and  a  fa'l 
ing  weiyihi  were  used  to  assist  in  laiinch- 
ing  the  machine. 

It  was  not  till  1"W  that  tlie  Wright 
Urothers  found  purchasers  for  their  in- 
vention. In  that  year  they  tnade  a  con- 
tract to  furnish  (jiie  machine  to  the  Siv;- 
nal  L'or]i>  of  tile  L'niteil  St.ites  .\rmy 
.ni'l  to  sell  the  rigiit>  to  their  inventiun 
in  hrance  to  a  IVetich  company,  in 
1)1  ith  ca^es  they  agreed  to  carry  a  pass- 
inL;er  in  addition  to  the  operator,  fuel 
-Mi'ticient  for  a  flight  of  I'M)  miles.  ,uid 
'.n  make  a  speed  <if  -U>  miles  an  Jionr. 

\fter  making  some  ])reliminarv  prac- 
tice fli^ius  ;it  their  old  ex|)eriment 
grounds  near  Kitty  Hawk  in  .May.  1'*<),S, 
\\  ilhur  W  right  went  to  l'"r.ince  to  givi- 
deniiinstrations  before  the  i-'rench  Syn 
dicatc  and  (  (ruiie  Wright  to  Washin 
ton  to  deliver  the  machine  to  the  I  nili  d 
States  .*>ignal  Corps.  The  machine- 
nsed  by  Wilbur  Wrii^ht  !iad  I>een  stand- 
ing in  bond  in  tlie  wareliouse  at  II;?vre 
^iiice  .\ugu^t  of  ihe  \ear  before.  ( )w- 
iiig  to  dani.age  done  to  the  machine  in 
sliipment.  it  was  not  readv  for  the  of- 
ticial  ilemon-tratioii-  until  'ate  iii  thf 
'.  c.ir. 

Meanwhile  <  )rvi]le  W  v'^ln  m  ."^ep 
icniber,  I'W,  started  demonstrations  of 
the  machine  contracted  for  by  the 
I  "iiiled  Sl.ile>  (iuVerilincni.  t  >n  liu  '^lli 
he  made  two  tlights.  one  of  ?7  minutes. 
and  the  other  one  hniir  anil  J  minute-, 


world  sacwnl,.    ,  „,  ii„.  Knhaiul  11th 

tl  e  I2th  a  fMu  of  1  l„n,ran,l  15mi„ 
ntcs  was  ma<lc.    (  )„  the  17th.  the  tcts 

V.TC  ten,n„ate,|  In- an  a,-ci.U.,u  i,.  whirh 
.e.m.nan,.SeIfr.!;reMKn^ 
Mr.    Wn^rh,   ,,.,,  ,^.^,^^^,^.   ^^^  ^^^ 

l>at   he  was  not   al.le  to  complete  the 
tests  until  the  fnilowing  vear 

f-oi,r  .lavs,  after  the  amMent.  on  the 
-It  oi  Septen.Ur,  \\ill,„r  WriHit 
ma,iea,l,,.h..,flh,.,,,„,,.,,  ,„i„,,'j,,; 
nt  l.e  Mans  Irance.  which  rccnn!  he 
ynr.rove.l  several  times  rliirinjr  the  fnl 
""nifr  months,  an.l  on  the  M^t  of  (),- 
^unher,  won  the  Michelin  Tr..phv  In 
••'  H>>Jit.  ,n  which  he  remame,!  in  the 
.IT  _  hour.,  and  24  tiiiniites. 

Where   Is   the   Wind   When    It   Is   Not 
Blov.ing'? 

,  n^'-  answer  ,>.  ,,t  curse,  thai  then- 
iM.t  anv  w,n,l  the,..  Tn  n„,k-rs,an,l 
."':  p/^'^-tly  ^ye  must  stu.lv  ,-.  I,,,], 
•in.l  hn<l  out  what  wind  i.  |„  ,,i.,j„ 
words  n  IS  nothing;  more  th.ni  movim.. 
air.  '^ 

I'    ><'»    -n.ikr    ,,    h.,1,-    ,„    ,1,,.    l„„„„„ 

"V  ,''•'"',"'   V:"^-''  '!"■  "•'"■'■  ">i;   nil. 
;■>"    >lowlv.       I.    xou    knock    th>     uhnK 

';'■'"■""  Mlic  pail  hllcl  wn!,  u.iur 

'"■     "^"'^      ■■^'11     ni^h     ,,„t     l,rl,„v     vu,; 

"'■■I  I--  .iImuu  what  iiappeii>  to  iiuk>- 
"I>-  '^ni.l,  llie  air  is  conMantlv  full 
"'  air  cnrreius.  like  ,i„.  currrni'.  \,,n 
'■an  ^ce  m  a  nver.  b,..un  the  in, , Mir 
'■•  Ih<-  nvrr  you  m.iv  notice  a  m.iiIv- 
l"».ii-  airrrnt  -oin-  straij-ht.  Al,,,',,. 
the  shores  there  will  he  little  v„l,.  ,nr- 
renls  fjomi,'  in  all  directions,  and  von 
may  Inid  m„iu-  hiilr  uhirlpooK  •ji,  it 
1-  exactlv  uli.,i  u,.  .l„,„„i  _,.,.  „,  ,,,,. 
air  It    w,-  ,,,uld   sec  air  currents. 


il>i^  ihey  change  their  direction  ac- 
'■"r,hn^.  to  the  pressure  that  i.s  "e,W 
■"Pl-ni  to  them.  .-^.Mnetimes  the  pres^ 
sure  wdl  I,.,  very  liuht  in  one  ,,a  t  of 

•e  a.r.  many  „,iles  away  ,.erhaps.  and 
•'•"tl'c  air  ,„  another  p;lr..  whiW,  i' 

krcat    force    , mo    the    part    where    the 

pressure  ,s  hfrht.  and  thus   form  ,-,   Imr 

"!•"•      ^M..■n    .he    pressure    s,op.    ul 
wind  si,,[,s,  '       '""■ 

UV  iK.ve  pn.hal.lv  felt  the  wind 
uhich  comes  out  of  the  valve  of  the 
••..Uomohd.-  ,ire  when  the  cap  is  taken 
"ft  to  pump  up  the  tire.  It  is  a  real 
;;,•■';'  "'•".^"."K-s  nut.  TIk-  reason  is 
"'•'  "'^'  ■"•■  '"  the  tuhe  of  the  tire  is 
••'ider  yreat  pressure,  and  when  the  ..,,- 
port.unty  ,s  j;iven  ,o  ^et  where  the 
pressure  ,.  h^dit  it  starts  for  that  place 
"ith  .-I  rush  and  comes  out  of  the  valve 
■    rt'al   wind. 

What  Causes  the  Wind's  Whistle? 
Tht 


Where  Does  the  Wind  Beerm  ? 

The  movenunt  oi"  thcM-  current-  of 
air  leaves  many  pockets  nt  ..pace  where 
there  is  no  air.  and  when  one  of  these 
'.'  ■  '•■•''  -'■'''  riiSiics  Hi  .iiiii  cre- 
ates a  wind  m  dointr  so.  These  air 
currents  are  continually  presMnrr 
apainst   ench   other  to   pet   some  place 


If   whistle   .,f    the    win,l    is   c;,used 
very  much   like  the   whistle  vou  m,-,ke 
with  y.,ur  mouth  or  the  noise  made  l.v 
ilK'  steam  escapiiifj  throuKh  the  spom 
"•    "^-  ,^.'-^\^^-     Vou    ,lo   not    hear   the 
^M.id   whi.stle  when  you  are  out   in   it 
>"n  can  hear  it  nhen  vou  are  in  the 
I'.iise   .u,,!   the   wind    is   hlowinj,'   hard 
\\  hen  the  winil  hlows  against  the  house 
"  tries  to  Kct  in  through  all  the  crevices 
nnder  the  cracks  of   the  <loors.  .jown 
"'-•    >i,inme>s.    wherever    it    f^n<is    an 
;;l'>"i",i-'        AiKl     whenever     it     starts 
ilTouyh  an  openin-  that  is  too  small  for 
'.'•  "  "'•■'■<'s  a  noise  like  the  steam  com- 
in.LT    out    ot     the    spout    of    the    kettle 
provided    the   ..peninp   is    of   a    certain' 
sliape. 

Not  all  the  noises  ntade  hv  the  wind 
l";v^a-\er.  ,-,rc  made  in  this  wav  Tlu- 
"""'  ">  MowiniT  as,;,,-,,,,  ,i,j„^,^  ,„.^^^^^ 
•I"n,  v,i,r.,„.  hke  the  strin-s  of  a  piano 
"r  vir,h„.  and  when  thiiii^s  vihrate  -is 
"<•  .lave  already  seen,  thev  produce 
^"un,\  waves,  which,  when  thev  strike 
our  ears.  i>roduce  soim.ls  r.f  \.^^:„.., 
i;'"'ls  Ihe  win.l  even  on  ordhiarv 
'lavs  „,akes  the  telcijraph  and  telet,hone 
wires  hum.  as  you  can  prove  to  vours.-lf 
b\   placing  vour  ear  ap.-iinst  ,-,  telegn.-.h 
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or  tclcplionc  fioli-.  ntid  wlicncvcr  the 
win<l  ni.iki"*  ;in>lliiiij,'  vil>r;itr.  a  arvM 
many  i|IH'it  --omiil-i  arc  iiroiluifij. 
\\liii-li  (ii'iiii  I'riyliU'ii  u>  iiinri-  lliaii 
tliiy    ^lumli! 

Why  Does  the  Air  Never  Get  Used  Up  ? 

Siiiiplv  lm;m>i'  it  i-i  luii^taiilK  liiiii^' 
ri|iliiii>litii.  I'Ir'  llirci-  uaso,  4)x\j4i'ti. 
miruycii  ami  larlxmic  ainl  i,'a>,  wliii'li 
.-.re  fimiiil  ill  iIk'  air  atmiil  u-^,  arc  om- 
htamly  Initio  ii-i(|  tip.  At!  livini;  animal 
iTtaturo  arc  al  all  liiiu>  lakiiii;  hwljiii 
<<in  -it  IJK'  air  lo  live  on.  I'crlain  lui- 
cnilus  arc  nsiii^  up  Mnaiititiis  oi'  tlii' 
niinimii  all  till-  time,  aiul  tin-  plant< 
live  (in  the  earhimie  ai'id  i;a».  lUit  while 
these  ditVerent  kiml-.  of  life  lietween 
them  il>e  up  the  air.  they  yive  hack 
somethini:  aNn.  Ilie  plant>  j,'ive  nft" 
oxyfjeii.  The  h<n|ii'»  nf  the  .iniiiiaN 
and  plant-  when  they  die  deei)m]ni'e. 
;tnd  as  tiicy  are  lull  of  iiitruijen.  that 
is  ^\wn  hack  to  the  air  in  that  w.ty. 
and  then  all  livini;  eri'.attires  ;ire  .always 
tliro.vitis;  ntt  earlmnie  aeid  .t;a>  tliroilyh 
thei'  liiii!,'-.  and  thn^  everythim;  that 
IS  taken  out  of  the  air  i--  put  hack 
again.  Tiic  plants  live  on  earhonic  aciil 
p.is.  and  yivc  tt--  hack  ox>i;cn.  The 
livinjj  crcittire-  live  oil  oxyj;en  ;ind 
{jive  ott"  earhonic  acid  .uas.  and  when 
tl'.ey  die  tiicir  hodie~-  iiitt  hack  in  tile 
air  tin  nitrogen  whicli  the  iiiicrnhcs 
tike  out,  .and  so,  con-uni]itioii  .ind  pro- 
tlncliun  are  ahout  ei|nal  all  the  time. 

Why  Caii  t  Wc  Se;   fin  ' 

We  c.innol  s^■e  air  liec;iu>e  it  h.i-  no 
color  and  is  perfectly  tr.msp.arent.  If 
at  times  it  .i])])ears  th.it  there  is  color 
in  the  air  it  {)■  not  the  air  you  see.  hut 
some  liitle  particles  of  various  suli- 
stances  in  it.  Sonietimes  you  think 
when  vou  look  olY  toward  ;i  ranjje  of 
rtiounlain-  or  hills,  for  instance,  that 
the  air  is  hlue.  N'ou  know  the  jjrass 
and  trees  on  thr  mountains  are  jjreeii, 
so  it  eaiinnt  he  they  that  have  turned 
!)!'.io,  and  sn  vnu  th.ink  the  air  i-  Mue 
P.ul  it  is  only  the  sunligiit  retlectetl  to 
your  eyes  from  the  little  particles  of 
dirt  and  other  suhstatices  which  fill  the 


.■lir  at  all  times  which  make<  the  hlue 
tli.it   you  see,  ;itid  not  the  air. 

I'lire  .lir  is  a  mixture  of  jjii-i"^  with- 
out .any  color  and  is  ()erfectly  traiisp.ar- 
eiit.  Air  is  nearly  entirely  coni)iosed  of 
;i  n.is  ealle<l  iiitro^jeii  -the  remainder 
heiii);  ox\),'en  witi;  a  little  water  and 
earhonic  acid  ),'as.  whicli  littler  is 
thrown  oil'  in  hre.ithini;.  This  is,  how- 
ever, hut  .1  very  small  |>erceiitaj;e. 

Air  has  heen  and  -I'll  can  he  reduced 
to  a  lii|itid  st.ate,  .ami  with  the  use  of 
It  in  tin-  form  in.inv  seeminnlv  woiiiler- 
ful  things  can  he  ilone.  which  are  iiiter- 
i-tini;  to  look  at.  hut  h,i\e  not  as  yet 
leiiinie  comiiu-rc-iallv  |iractic;d. 

Why  Does  Thunder  Always  Come  After 
the   Liglitiiiiig  ' 

This  ot-curs  simjily  hocause  lightning 
111  light  travel-  so  much  more  i|uickly 
th;m  sound.  Light  tr.avels  al  the  rate 
of  i.'<f(,0(K)  miles  per  second,  and  sound 
tr.avels  only  at  the  r.ale  of  Io<K>  feet 
per  second  when  the  teniper.iture  is  at 
,i_'  degrees.  \ow .  the  thunder  .and  light- 
ning come  at  the  -aiiie  time  .and  pl.ice 
in  the  air.  hut  the  light  tr.avels  so  much 
f.ister  that  you  see  the  lightning  often 
i|uite  soiiii'  seconds  hefore  vou  he.ir 
tile  ihmider.  In  f.ict.  \iiu  can  tell  (inite 
.iccurately  how  f.ir  jiway  from  you  the 
tl.ish  of  lightning  aiicl  el.i])  of  thumler 
are  hy  taking  a  watch  and  noting  the 
ninuher  of  secfnuls  which  elai)se  hc- 
lueen  the  flash  of  the  lightning  and 
the  tinie  when  you  he.ar  the  roll  of  the 
lluindcr.  If  as  much  as  five  seconds 
el.ipse  you  can  figure  th.at  it  was  ahout 
:i  mile  .away  from  you.  since  sound 
travels  only  ahout  i  kk)  feet  ])er  second 
.ami  there  are  5_'.S<)  feet  in  a  mde.  When 
the  thunder  and  lightning  come  close 
together  you  f.iay  know  that  it  is  ne.ir 
li\,  and  when  they  come  at  the  same 
time  you  may  he  sure  it  is  very  close. 
'.\'heii,  therefore,  you  see  the  lightning 
.111(1  then  have  to  wail  several  seconds 
for  the  noise  of  the  thunder,  vou  mav 
rest  ea.sy  about  the  lightning  hurting 
you.  becau?e  you  know  then  it  ]-,  ir:f; 
far  away  to  harm  you,  and  when  it  is 
so  close  that  the  lightning  and  thunder 
come   -imnltaneouslv,   there  is  no  use 
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'■•'I'Ualiai.l.  !.,v;,usr  if  v„ti  won-  a,  W- 
>iriuk  yon  woiiM  h.uc  Ikvm  ^iriu-k  at 
'iif  smir  n.Manl  or  JK-lorr  v.,„  wuuM 
l^ivi'  li.i,!  tunc  to  iM.iia.  ii,;,r  ,1,,.  jinjit. 

'I'llJ,'    ami    lllUII.!l.T    inlri,-    I Ill 
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H.iw  Bi]4  Is  tlif  Sun  :' 

Ji  is  vcn-  .limciilt  to  ffnin  a  cloar  i.l.v, 
<ii    Imvv    \iry   Jar^o   tin-   mi.i    r.alK    i~ 
Uc  know  from  tlu'  soitiiti-.i-.  w ho  haw 
iffasiirnl  it  with  tlii-ir  amiratc  nk-a^- 
iTiiijj    nKtniniiiit-,    that    it    i>   .S^.^.ixx, 
inlcs  throii,i;li  it.  and  tliat  at  its  laVyist 
part  it  is  .•.7_>_',(XK)niili-s  aronml.     Xow. 
>on  lan  sir  why  I  said  it  is  very  dil"- 
li>iilt  to  j,'ft  a  clear  coiiopiion  of  the 
snn"s  si/c.     A  mile  is  (|uite  a  ioni;  di-.- 
l.Mia-  to  walk  on  a  hot  day.    Now,  ilu> 
larlli  i>  .S(M)()  niilis  throni;h.     If  tlurr 
vuiv  a  tniiiK-l  rij,dit  thronyh  the  earth, 
like    liie    sniiway,   and   you    starteil    to 
u.ilk  it.  it  woiiM  take  you  S?   i-^  ,|a\s 
II   you  walked  dav  and  m\d'it  withoni 
-KM'I'iniL,'   to  rest   or   eat.   if   vou    kept 
p>ni),'  at  the  rate  of   four  miles  everv 
h"iir.      I  his  wouM  he  a  loiij,'.  hoi  walk, 
tor.  of  course,  the  inside  of  the  earth 
IS  Imt.  as  we  have  already  learned       It 
unnld  take  an  autuniohile.  .i,'oiii,i,'  at  the 
rate  of  40  miK.s  an  hour  nijjht  and  dav 
••i''"tit     nine    days    to    make    the    trip 
il.roni,di  Muh  a  snl.wav  from  one  ^ide 
"t   the  earth  to  the  otlier.     That  makes 
11    look    hke    a    pr.ttv    hi;,'    old    earth 
•li'^Mi't  it?     lint  let  US  see  what  would' 
happen   if   we   started   to   do   the   same 
tliini:  on  the  sun.     The  sun  is  Sf.5.(XK) 
miles   throu),di.      If   vou   were  to  "walk 
llirnnyh   a   siim'lar   tunnel   on   the   sun 
ii    lour  miles  per  hour  it  would  take 
V'li  JO  years,  not  eonntiti^'  the  stops, 
■iiid  an  aiUomohile  Koin^'  40  miles  an 
hour   day   and   ni^dit    wouM    take   two 
>«ars  and  a  half  to  make  the  trii)  one 
v.av, 

I  lu-  -un  is  ninety  million  miles  from 
llie  earth  and  an  automohile  travelling' 
at  the  rate  of  forty  nn'les  per  hour  day 
and  iiiKlit  nil  a  qrai^ht  road,  wiihoiit 
stopinn^r,  „,,n|,l  ho  2;-  vears  in  .^et- 
tintr  there. 

When   we   -tu|.   ir,   ihiiik   i.\    how   liiir 
file   Inilk    ..f   the   Mill    i-    it    is   al!.ii;etiier 


!■.  >..!.. i  nv  We  |i;ai- 
'iMt  our  earth  is  a  preiiv  lar^'e  .lOair  as 
-world's  ii„.  .and  yet  we  eamiot  -oneeive 
I'HV  mtieh  the  hulk  of  the  earth 
•  miomits  to,  .vtiii.  ,i,e  „„,  i^  „,  i.,^,,,, 
that  It  eould  contain  a  million  w.irlds 
like  our  own. 


How  Hot  Is  the  Sun  ? 

We  think  the  sun  i<  jirellv  hot  in 
summer  when  the  thermometer  «oes  up 
ti>  .,<)  .|e),'rees  in  the  >ha.le  or  out.  WV 
heyin  to  ;.,'et  sunhnrned  loin;  l.ifore  it 
reaches  that  hi),di.  Hut  ri,i;lii  on  the 
sun's  surface  it  is  hetween  1().(kx>  and 
i.^.iKM)  .Uxrees  hot.  That  is.  of  course, 
a  deyree  of  lu-at  which  we  cinnol  con- 
ceive. How  much  hotter  still  it  is  on 
the  iiisi.le  of  {\h-  mhi  we  don't  as  yet 
know.     It  nniM  he  awfullv  hot  there! 


Why  Is  It  Warm  in  Summer? 

It    is    warm    in    summer    heciuse   at 
that  season  of  the  vear  the  luat   ravs 
ot  the  sun  strike  our  part  of  the  earth 
'l'rou.i;l.  less  air.     The  blanket   of   air 
winch  surrounds  the  earth  is  verv  much 
lu  comparison  as  to  thickness  like  the 
peelnnrot  an  orange  and  surrounds  the 
earth  in  just  the  same  wav.   If  vou  stick 
a  pin  straight  into  an  unpeeled  oranw 
you  only  have  to  stick  it  in  a  little  wav 
lietore  you  reach  the  juicv  part  of  the 
oran-e    hut  if  you  stick  ihe  pin   in  at 
;'"    allele    the   i.in    will    travel    a    much 
l.on^'ei;   ways  through   pure  i.eelinc  be- 
ore   It   strikes   the  juicv   ,.art.      Xow 
tlien.  in   summer  the  ravs  of  the  sun 
come  ,l,)wn  to  us  stn.ii,dit  fhroiu.h  the 
Piclin.i;  of  air.  an.l  less  of  the  heat  is 
lost  hy  contact  with  the  air.  and  that 
makes  It  warmer  in  summer.      The  e.x- 
I'lanation  also  accounts   for  vour  next 
i)iiestion. 

Why  Is  It  Cold  m  Winter? 


_  In  winter  t'  '-eat  raxs  of  ih.-  snn 
Mri.,e  at  our  p...i  01  ii,c  farth  at  tiic 
ans:le  at   which  you  =tick  the  pin   into 

he  orancre  when  you  wish  to  make  it 
tra\cl    thron^di   the   most    peclin-       In 
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wititir  till-  rays  strike  fhc  earth  at  siirh 
ail  aiiKli;  tlial  a  «ri'at  .teal  ot  tli-  licat 
i^  I">-t  in  iravtlliiiu  tlinm^'li  tiic  air, 
iKiatisi-  ilii'v  have  to  conic  tlirniij;li  so 
imiili  more  of  tin-  air.  (  )|  foiirsi-,  the 
si-n's  rays  strike  some  part  of  tlu-  earth 
straij,'lit  down  tliroiiuli  '.lie  jH-eliiij;  of 
air  at  all  times,  aii'i  at  the  cijiiator  this 
fX'eiirs  all  the  year  rniin<i.  so  it  is 
al\va>  s  slimmer  there,  while  at  the 
North  aiiii  ScMiili  I'liles  the  ravs  always 
strike  llie  earth  at  the  greatest  jio-^ihle 
anu'le,  aitij  it  i-  always  very  efiM  winter 
there.  In  lietweell.  when  it  is  neither 
hfit  nor  ei'l.l.  wv  ha*  •  spriiij;  aiiil  fall, 
r'ue  to  the  fact  that  tl..  •<!  come  down 
at  an  anj^He.  Imt  not  so  j^rcat  an  allele. 

Why  Have  We  Five  Fingers  oti  Each 
Hand  and  Five  Toes  on  Each  Foot  ? 
\11  aiiiinals.  it  seems,  from  a  study 
!ianire  were  started  with  ten  tint;crs 
and  ten  toes,  the  lingers  ori),'iii;illy  hav- 
iiij;  Keen  the  toes  of  the  fore  lej^s.  In 
a  «ood  many  •>«••«  the  environment  in 
which  a  'mals  have  lived  has  caused 
a  ch.ini,'e  in  the  formation  of  the  ends 
of  the  liiiihs  as  well  .'is  in  tiic  limhs 
themselves.  The  horse,  for  instance, 
has  developed  into  a  one  toe  or  one 
tinyer  animal,  wliile  a  cow  is  a  two 
iMifjer  animal.  The  hen  has  only  three 
tne.s  on  each  foot  .iiid  a  ]iarl  of  .mother. 
Hut  if  we  l:o  hack  into  the  historv  and 
evamine  how  the  horses'  foot  Used  to 
look  we  will  lin.l  that  he  orij.,'iiially  h.id 
live  toes.  The  same  is  true  of  the  cow 
and  also  the  hen.  Soniethini;  ha)ii>ene>l 
to  cause  the  change,  for  the  rule  of 
five  fiiifjers  and  the  toe^  on  the  end  of 
each  linil)  has  heen  nnivers.d.  if  you 
examine  a  chicken  in  a  shell  just  hefore 
li  IS  ready  t<»  come  out.  you  can  <lis- 
tinctly  count  five  toes  on  each  foot  ami 
al  the  ends  of  the  winjj's  you  will  see 
five  little  points,  which  under  other 
I'onditions  would  develop  into  tinfjcrs. 
perhai)S.  .Some  of  these  toes  of  the 
new-born  chicken  rio  not  develop.  It 
cm  he  acce|)tcd  as  a  rule  that  creatures 
were  intended  in  the  ori(»in;d  i)lan  to 
have  five  finjjers  on  each  liand  and  five 
toes  on  each  foot,  makinjj  our  count 
of  tens,  which  is  the  worM's  basi.s  for 
counting,  and  has  always  heen. 


Why  Do  We  Have  Finger  Nails? 

I'inger  nails  and  toe  nails  are  only 
iiiother  phase  of  the  development  of 
man  from  the  animal  that  orijjiiially 
walked  on  four  feet.  .Xiiimals  tint 
walk  on  all  fours  use  the  linij.'r  and  toe 
coveriti^js  which  in  man  is  the  nail,  to 
scratch  in  the  Krouml,  to  attack  enemies, 
and  to  climh  with,  and  our  nails  of  the 
present  d,i\  are  what  the  de\i Dpim  iit 
of  man  into  a  ci\i|i;'iil  hciny  h.is 
chant'ed  them  to.  At  that,  there  are 
still  uses  for  finjjcr  iiaiK  ami  l<ie  naiK, 
or  m;m  in  his  clian),'iii«  to  a  hiylur 
plane  wouM  h.ive  found  a  wav  to  de- 
velop away  from  them.  Tlu'v  ;ire  use- 
ful to-day  in  m.-iking  our  fin,i;iTs  and 
Iocs  tirm  at  the  end,  and  enai)le  us  to 
pick  u|.  thiiiKs  more  e.isily.  The  time 
may  come  when  man  will  have  luithir 
linger  nails  nor  tf)e  nails. 


Fingers    oi     Diffev- 


Why    All'    Our 
Lengths  ? 

I  lit  re  is  no  known  'lason  whv  our 
llnjiers  shoulil  he  of  different  lengths 
to-day;  in  fact  it  is  thought  hy  sr  ,ne 
people  that  the  iiaiid  would  he  stroi.;  cr 
if  the  Inigers  nere  all  of  tli.-  sa  nc 
length,  tert.iinly,  Jio>\evcr,  the  h;ii  ds 
would  lint  then  he  so  luautiful.  and  it 
might  not  he  so  useful.  The  hi  man 
liaiid  to-day  is  perhaps  the  most  ve  sa- 
tiie  thing  i.i  the  world.  \\ii\  can  .lo 
more  things  with  the  liau<l  than  w  th 
any  fitlier  thing  in  the  world.  Tlie 
pn.hahility  i<  that  the  shape  of  the  hand 
to-day  ami  the  length  of  the  fingers 
.'le  the  result  of  llie  dilVcreiit  thing's  the 
human  heing  has  cdled  iiiinii  the  hand 
to  do  rlnring  man's  ileveloimieiit  uj)  to 
the  present  time. 

We  must  go  hack  to  the  time,  how- 
ever, when  man  walked  on  fours,  for 
that  is  |)rol)ahly  the  real  explanation. 
'  Originally  man's  fingers  were  of  <lilTer- 
ent  lengths  hecause  all  four-footed  ani- 
nials  had  the  same  ()eculiarities.  The 
shape  and  length  of  the  toes  and  their 
arningemetit  were  the  ide.al  arrange- 
ment fir  giving  the  iirnjier  halancc  and 
support  to  the  liody.  and  in  iiuning 
ahont  and  in  climbing  produced  the  best 
toe  hold. 


ufn  \\i   MAM.  rivii^ 


I  i: 


Why    Dofs   It   Hurt   When   I   Cut    My 
Finger? 

It  ImrtN  when  yoti  lilt  yiiiir  rmyir. 
It.  railiiT,  where  ymi  cut  it/lnraiiM'  ilu 
pl.iiv  Mill  liavc  cut  is  ox|KiMil  to  tlu' 
iiWKiii  iu  tliL  air,  ami  as  sfMin  as  it  i> 
Ml  ixiHisiil  a  cliciiiical  actiim  IicKiiis 
III  lake  placi'.  jii^t  as  when  yuu  cut  an 
apple  aii.l  lay  il  a  .iile  ymi  cinu'  liack 
;'ili|  liiiil  ihe  cut  surface  all  tiirn.-.| 
lir.iwn.  It  iltr  apple  c.iul.l  fe>I  il  wuiiM 
hurt  al-ii.  hecuiM'  llic  chemi.al  actimi 
is  much  the  same.  Ihe  apple  Iri'-  a  skin 
which  pmtccls  im  in,i,|,.  |>,,|,i  j|n.  ,,^y, 
Ken  iu  the  air.  .iikI  \..u  Ii.ive  aKi  ;i  skin 
which  pmtects  Villi  I'rnni  the  .xvyeii 
a-  loll;;  a*  it  is  unlirukeii. 

What  happens,  ni  course,  is  this: 
When  you  cut  your  linger  mui  sever 
the  tiny  little  veins  ami  nerves  which 
are  in  \oiir  lini^cr.  They  are  spreail 
ah  over  your  limly  like  a  net-work 
Uii'ier  tile  skin.  clo-.e  to  the  surtace  in 
most  places.  The  nerves  when  cut  semi 
a  ijiiick  uu-.s;n»e  to  the  hraiu,  with 
which  they  are  connecteil.  telliiij,'  that 
they  ,irc  (iaiiKi','e'l.  .iti'I  the  hralu  can.- 
oii  the  heart  ami  other  liinctioiis  to  ^el 
hii-y  ,iml  rep.iir  tiie  il;iiiiai,'e  aloiii;  the 
hue.  Ihere  may  he  some  hurl  while 
t'lis  |irocess  of  rcp.iiriin,'  is  •.'oinj^  on.  hut 
iIk-  princijial  p.irt  of  your  hurt,  outsi.le 
ot  w  li.it  we  cill  your  feelin;;s,  is  ihie  to 
the  fact  that  the  insiilr  of  you  is  thus 
exiiosdl  to  the  chemical  .ictiou  of  the 
.iir.      1  hi  !i  1  c.iii  hear  you  say  mxl  : 

Uli>   D(ui  t  My  hui    Hurt  When  It    I 
Being  Cut '. 

li 
has  11(1  nerve 


I  >l.ies  nut  liurl  111  cm  .iiiMlmiL;  tii.it 
There  are  no  nerves 


lias  11(1  nerves.  i  uere  are  uo  nerves 
in  the  li.iir  which  the  h.irher  cuts.  If 
he  pulls  out  .1  li.iir  it  hurts,  hecause  the 
root  of  the  li.iir  h.is  nerves,  which  tele- 
graph notice  of  the  (lama-ie  to  the 
hr.iin.  When  .i  ilentisl  t.ikes  out  or 
kills  the  nerve  in  your  tooth  \(iu  cannot 
li.tve  ,iny  more  toothache  in  that  tooth, 
l-ecause  there  is  no  nerve  there  to  send 
the  messa},'e  to  the  hr.iin.     \  on  ciii  cut 

voiir  tiiiL'er  nails  without  fieli'!:'  D.iin. 
1 ..  .1 1 .  . ,      '     , 


ut 
viiiii  MMi^fi  nails  wiu'oiii  ic'.'i!!!'.^  ii.'iin 
lucatise  llu-y  lia\e  no  nerves  al  the  eii'ls, 
liut  uii(K-nie,ith.  where  the\  join  the 
-•kin    III    the    i'iiil:'-!-.    there   are    .i    i,'re;it 


many  nerves,  ami   it   hini,   vwv    iiai,.h 
to  bruise  the  nails  at  that  location. 

01   WlhU  Use  Is  My  Hair? 

N  iiur  hair  is  a  relic  of  the  clays  when 
the  entire  lH«ly  w.is  covereil  with  hair, 
jiist  like  some  animals  to-il:iv,  tu  pro- 
tici  the  l«).|y    from  the  heat,' col. I  .iml 
wet       .Man   has,   however,    for  so   Imi^' 
.1   time  worn  dollies  over  most  of  Ins 
hmly  th.it  the  need  of  the  h.iir  to  pro- 
tect   him    from   these   eleiiieuts   h,is   all 
hut   .lis;ipp,are(l,  ami   so  .i|so   li.is  the 
h.iir,   exceptiii;„'    in    muIi    places   as    the 
lop  of  the  head  ami  fi'ce  and  other  ex- 
posed  parts.      If   you    were   to  );o   out 
into  the  woods  without  clothes  and  live 
a  Ifiiii,'  time  your  hody  would  proh.ihly 
.ijram  heconie  covered' with  hairs.      The 
lime  is  coininj;,  however,  it  is  helieved, 
when  huiii.in  Iielii-s  will  h,ive  no  hair  at 
all  on  their  hodies.    Vuu  have  hair  on 
your  he.id,  hut   if  you   were  to  we.ir  a 
hat  or  cap  all  the  time  you  would  soon 
liehald.    Hair  is  of  no  use  to  us  to-dav 
exceptiiij,'  to  adorn  our  iMidies  ;ind  add 
to  our  ..ppearance.     This  it  seems  to  do 
to-day,  prohahly  Decause  we  are  .iccus- 
toiued   to  seeitii;  it.  and   will   make   no 
dirterence  in  our  looks  relativelv  if  the 
iMiie  comes  when  we  have  no  hair  at  ,ill. 

Why  Does  Mv  Hair  Stird  On  E;u!  When 

I  Am  Frijfhtened  ? 

it  'lues  this  under  certain  coiiflitions. 
hecause  there  is  ;i  little  muscle  down  :it 
the  root  of  each  hair  that  will  make 
cmIi  hair  stand  up  strai.i;ht  when  this 
muscle  pulls  a  certain  way.  It  is  dif- 
ficult to  s.iy  just  how  these  muscles 
are  caused  to  ;ict  in  this  wav  when  we 
.ire  frightened.  W'e  know  that  when 
thorouj;hly  frii^htened  our  hair  will 
sometimes  stand  strai},'lit  u]).  and  u  e 
know  that  it  is  this  muscle  at  the  mnt 
of  each  hair  that  makes  it  possible,  but 
why  it  is  that  a  hi-  scare  will  make 
tins  muscle  act  this  way  we  do  not  as 
yet  know. 

Wliat  Makes  Some  People  Bald? 


I  lie   cliiet    cause   of 
ik  of  c.ire  iif  the  h.iir. 


M illness  IS  the 
It  is  a.s  neces- 


.  ! 


n 


\NH\     SOMi;    I'lOPl.l.    ARl:   lUl.D 


-.•ir\    I'lir  tlu-  rodt.s  oi  ilu-  hair  l.,   !,.i\c 
;:  triT  lircuhitioii  of  tlu-  Mootl  and  that 
the  hair  itself  shouM  liavi-  i.Unty  of  air 
as  it  is  iKvcssary  im-  tliL  hraiii  to  have 
a  5:00.1  ,-iroiilati(ni.     A  j^ivat  maiiv  men 
iK.oine  hal.l  throiiyh  wearinj^  their  hats 
ni..stof  ilic  time.    The  hat  imlie.l  -louii 
ti,i;ht  over  the  hea.l  presses  a},'aiiist  the 
sealjiand  interferes  with  the  eireulation 
of  the  hlood   in  the  scalp.    Then.  also. 
iiia.iy  hats  <!o  not  have  an\   means  ,,f 
ventilation,    and    that    keeps    the    jmro 
air  awav  from  the  hair.     The  hair  then 
becomes  sick  and  dies,  iust  as  tlowrrs 
wilt   if  you   keep  them  awav   from  the 
air.     \  on  will  notice  that  winnen  do  not 
heconie  hald   so  easily.     One  reason   is 
liiat  even   when  tiie  women  wear  larjje 
hats,  as  they  often  do.  there  is  plentv  of 
room   I'or  the  air  to  circulate  thn-Vh 
the  hair,  even  when  the  hat  is  on.  ai.d 
women's    hats    are    not     pulled    <lown 
tiRhtly  on   the   scalp.       Therefore,   they 
d(i  not  press  on  the  arteries  and  veins 
U-.   the  .scalp  and  interfere  with  the  cir- 
culation of  the  hlood.     Another  reason 
why  Wf)men  do  not  hecome  halil  is  that 
th.e  hair  of  women  has  lonp  heen  their 
"crowiiiiiij  t,dory":  a  man   likes  to   see 
a  hue  head  of  hair  on  a  woman,  .and  as 
women  have  lon<;  tried  to  please  men 
in  every  possible  wav,  thev  take  better 
c.-!re  of  their  hair  than  men  do.  because 
they  like   to   have  the   men   consider  it 
beautiful. 


What  Iil.ikes  Some  Thing-s  in  the  Same 
Room  Colder  .hau  Others? 

I  hr    object^    ill    ,1    I.  ,.,111    which    has 
lieen  kept  at  a  },Mveii  even  temperature 
of  heat  will  be  all  the  same  trmper.i 
tiire.   hecause    heat    sjireads    from    one 
thmj,'  to  another  cf|ually. 

Still,  if  you  imt  your  hands  on  va- 
rious objects  in  such  a  room  some  of 
them  will  feel  colder  than  others.  Vou 
touch  the  tilinij  of  the  firepl.ice  an<l 
that  will  feci  cool  to  you.  (  )n  the  other 
hand,  the  upholstered  furniture  will 
feel  f|uite  warm.  The  piano  kevs  feel 
cool,  while  the  wood  of  the  jiiano  and 
case  is  warm.      fhe  ditterencc  is  due 


i"    ihe    f.ii  1    ih.il    he.il    01    n 'I  1    wili    1  ;im 
lhroU),di  some  object-  nmir  i|;iii  kK  lli.iii 
thrcjui^'h    others.      ll    will    run    ilimn^h 
the  tiliiij,'  on   the   iuarlh  and   the  piano 
ki.ys  more  i|iiickly  than  throuj;h  the  up- 
holsttriiij;  on  the  furniture  or  the  wood 
of   the   jiiano  case.      When    m.u    toiuii 
a    thiiij,'   with   your   (iiii,".r    \i,n    -upplv 
some  of  the  heat   of   \our  bocK    In   [he 
object  throu.i;h  your  fmiier.     If  tin    ol. 
ject   is  the  tiliii','  on   the  hearlli   '.r  ihr 
keys  of  the  pi.-'tio  the  heat  run-  throus.;li 
It  ijuickly  and  _.ou  ^et  ,1  cold  impression 
in  your  timber.     (  )n  the  otli,  r  hnitd.  if 
yon   touch   the  upholsterv    on    iIr.    fur- 
niture,   thron.i,di    which    the    heat    runs 
slow'.y.  you  j^'et  a  wa'au  ficlii.i,'  f,,r  t!ir 
very     same    reason.        ilius.     aiivihiiii; 
which  carries  the  he.it  aw.iv   froin  our 
contact   (|uickly   we  call  a  cold    feeliiii,' 
object,  and   if  the  object  touched   doe? 
not  carry  the  heat  away  so  (|uicklv  we 
i.dl  it  a  warm  feelinj;  object. 

Why    Does    the    Hair    Grow    After    the 
Body    Siops    Growing  f 

Ihe  hair  (.11  our  bodies  is  one  of  the 
l_hin,t,'s  that  is  contini'ajjv  ueariiii,'  (.r 
falling,'  away,  ami  since,  "like  the  skin. 
it  is  necessary  to  protect  cert.ain  pnr- 
tions  of  the  body,  the  hair  keejjs  on 
^row  in;,'  lon^r  after  the  thrown  up  perio.l 
has  arrived.  T!ie  skin  is  a  verv  neces- 
sary ]>rotection  of  the  whole  bodv,  but 
is  constantly  beini;  worn  awav.  and  i> 
all  the  time  bein^  replaced.  V,,iir  li.iir 
lalls  out  when  it  is  not  healthv.  I'lilcss 
proper  care  is  given  to  it.  it'  will  f.dl 
out  and  not  crow  in  a.;,'aiii.  and  then 
we  JH'conic  bald. 


Will  Peeple  All  Be  Ba.ld  Sometime? 

I  here  is  a  thro|-y  that  before  m.inv 
vears  iiave  jiassc-d  human  beings  will 
lose  all  of  the  hairs  which  now  gn.w 
on  .lilTerent  parts  of  their  bodies,  dm- 
to  the  fact  that  we  wear  so  much  cluth- 
n;g  and  keep  so  much  of  onr  bodies 
away  from  'he  sunlight.  If  that  time 
comes  we  shall  have  a  hairless  race  of 
men  and  women. 


THE   ST{)R\     IN   A    LLAIP   OI     SUOA 


Su 
Wluii 

rt-siilis, 
liarn  lu 

uitli  h 
to  thv 
fur  I.I 


•I"-  '^'"'l  ^"  tlic  sa.Mc-  tune.     Tlu- '     1,   v  h-.Jr"      ,l"    ,'''  i""""  ,''"   '^'""'''  ^"^ 

".rs.s.     The   traction   cnKines  also  ar.      « .H    f  ''   *'""'"^"  '"  l''""'  ^■'H'-allv  deep 

'^'^■torv.      I„   .,„ac   localities    firmer,   nr'l   f"r. ''■'"'"'«, "-a'"   "ai^on   |„a,Is   of   :,eets 

'".IK  illiNtr.itrd  al.Mve  costs  alioiit  $4,500. 


drill 
liriiiei|i, 
in   tile 
rririj    at 

niercial 
to  liv<- 

l>.i>  met 


11 


■Jo  c-h'^::::;;  "i.^::;-.;;r::li>-,^-^-^ t-  -- 

■'('n.t'eli's^ir^-'^;;;:.!',^- •-•-•'•-- 

years  .„  a.lvance.  .sell  it  to  farmers  at  c 


l'^  t..  j:;  ii.c.inds  i,f 
Anurica  is  grown   iti 


<[  Meiiifi 
liurope. 


soed    KrowH,K    rcunVes'  ^^TT  ''''-^   ^'"  '«■   '"■""I"--'' 


t    I 


s    ::<    •'.:(■   iitH<-.,t    :,:;:!', 
MiatnrinK  of   the   corn- 
contract    tor   their   ser.l    f„r   three 
'   price    a,Hl   ,|e.l,>ct  the  atno,:,,,    Iron,   the 
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HOW    THH   HEPT?   ARE  (iROWN 


When  t  R-  Wv\>  art-  up  and  show  the  thinl  k-af  thvy  sh.uiM  \k  -thiniu'd '•  Tnlcss 
nmuMl  at  tho  pr..,,;r  t.M.e  the  pullnin  „„  of  tin-  supcrlluous  hcctkts  injures  tlic  ru„ts  „f 
l'„;''.".V""l','''~'  'T',]-  .-^^"""""-'  tM"r'>neMls  >n  iKTniany.  where  all  ,.ther  o,n.litn,n>  were 
lenlieal.  >h,,«_ed  that  -ne  ...ere  thnuie.l  at  the  i-mper  tinu-  yielded  is  t..ns;  the  next  aer,- 
mned  a  week  l,.ter.  yiel.kd  !.?■  ;  t.m,:  the  third  acre,  thnine.l  still' a  week  later.  vi.M,  d' 
10',  t..ns.  ar.d  the     ..iirth  acre,  thnnied  three  «eeks  after  the  lirst.  yielded 

Ihc    men    in    the    f..reKr..niul    are    ••M,.ek,iiu"    the    heits     leavuin 
every  e^Kht  .nehes,     T  1,,,-e  ir  the  rear  an   "thiriniiiK."  or  pulling  up  the  s.iperHn.ms  heetlets 


'.■  tons. 
■I    liniii  h    of 


tliem 


Tlii.s    :Rld    of   l.eits    vicl.kd   ju   tons   !■ 
Wilson  IS  connneed  that  whm  .\nieriean 


llie 


acre,  Kx-Sccretary  of  .\k;rieiiltiire  J.iMii<: 
fanners  heoine  expert  ni  hei  •  enlfire  thev  w  dl 
»V '■•''■  '"  !>'-'"l"':-'  >i>"r<-  than  jo  tons  per  acre  because  of  the  superiority  of  onr' soils 
I  he  nleal  laetory  heet  weiKhs  al..mt  two  potnids.  an.I  a  perfect  "stand"  of  such  brot<! 
otir   e\(rv   e'ulil    niches,    m    n.ws    fyhircn    n.cl"  -     i'-o-<     .v"'.>    •-, '  i    ,-■  ■    ,    .'  '"<■'• 

The  present  avei;a«e  vi;  Id  m  the  1  nif.l  .States  ,s  alioiii' lo't'.Mis'prr  acTe;''while'\'h;'hhher't',i 
won,-.,,,,     so,s;  6t   (K-rtnany  »cl  '   u  tons  per  acre,   or  40%   niore  than  is   senre     f  ,n 


m  (ii;    15I\S  TO  HOLD  THH   BEHTS  AT  FACTORY 


llu-   cr.nvM    and   the    fac  „n  ■.    rem, Vc   t  r,  v    1,;       '  ^  i       '''■'  ■'"■'  •"'''"■•''  J"''  ''^■'"»- 

...-  s.,«ar.     Tin-  beet  w,n  .mw     ,  1,„'  1     •  ,      i     ,        r      i,"'?''","*„'""  ''',  ""^'"  I"'->-'-"<''S<- 
^  a  .Kepor  t..|,,,i„g  and  c,m.e.|ucm  I.ks  to 'tl„.  fannVr. 


i;r 


tllM-    Ilr. 


Ic-il 


111  .Ml'l.-.(.    (.AKS    AT    FAfTdRV    Ullll     1IM'R\I   II 


»n.     >li.l..    .lircly    into    .,    VnJ'nT'fl^^rr.ied    wi\'h    uatm    w^^  .Tc   .lumpr.l.    a,   ,l,„„„    al,.,v.. 

rcinvi-,1,    llirv    first   an-    w.-iiihcl     an. I    is     li.J    iL     I  ™               '?'-^\"y- .   '"  «ll,lIcvor    maiiiipr   Ihcv    may    he 

toi,|,>-,l.   aii.l   tlir  .li(r,.ri.ii,,.   j.,    ,1..   ..,.;„,,,   "J'"'       '"'^":    '.'"''    "^^    »a»lu-.i.  aii.l    irimm,-.!    if    i,.,t    l.,,J,.^J 

c..Til.-i,l    »,i,l   ,t,  ,,„n,y:    fanners   ,.f.rn   l,ri„g   ,ai,l   a    .tirni  if,^  1    nr,               !*  /    l"''r'""P<-    l"r    ii,    suxar 

Thr   larc   ,„„n,.  a,„i   ,hr  1,r,.,  „..„'„,   lal-rat.'    ("^irr   .M,r,,    ,'     any    ,"  nr  ^J M  n'    '""",  "'l"'''    "'"    """"''"■ 

as,..c,a,u.,.,  ,„,pl„y   r,,„.rt,   ,,.   lar,-   a,„l    analyre   cich     am^  e    'r  b«u'  """"  '""'""'  'l'<^   f^'rm.rs- 


6> 


I 


MILLIONS    OF   BLSHLLS  OL   IJI.l  TS 


'LU    V.l\>    I  11.1.1.1 


i-.\l'.\lllV. 


liccts 

-■11  1.1 
at  II 
iiiiii 

to    v:, 


.1.".  ...,....,   I,.ca.,''.',   a.M   !;rm.Vnl'dim!;;',V'I.,,;;,n.";;,"''   "'"■■"   '"■"  '•"°''  »"  ^^."oo  .o„s   ,..    factory. 
:t.   Im-luKh      *U ''ik!:,,"':;:"' ,;l/rT   V'''*^  »'   "■%'b""™>-  ,-•"  ;"  30   foot  at  the   >.,„.   ,„„|    „,„■   ar. 

-tir    ir-iu   Ihf    lactury. 


v^»iLiu\. 


LLLl    bLu.U<    i.\i.ioi;v. 


_.       Thor    factories   cost    from   half   a   million   to   three   mlllinn    ,Ht-.r=      The-   .^o- 

alKuu  tlme"Ss'';vm'nr';;;^''  f""  ■'''-■■  ^"''  '"'^^^^^  '^'-  ■•camimiyn.-"  which  ■usiKillv' lasts 
ar      ^   ,       ,  !        /anr.       f^  ;  V"'"   'r  "c  "'^  ""'l""'  ''""'"'^  "'  «ranulate.I  s.icnr.     There 
,i   "t    thiM    la^tores.    located    iii    ir,    States,    from    Ohio    t.i    ("ilifuriiii       rinruu-    the 
operat.nK  -caso.,  they  give  cmplojmctit  to  from  400  to  1000  men  each.  "^ 


'    III    \!  :.     M.     I.  M;n;;  ',  hij.^j^ 

In    a    t-cct-sMKar    iact,.ry    each    sm    ..,    ,,|,|,aratiis    for    pert. 


..r.ne.Ia   -statio,,-"     In  ,    e  chcn   c.l  IV '^  r,;;':'::'";!  "',,  V^    per.nn,„,,K    a.«iv.n    process    is 


consi'^titiR 
as  a  clear 
form   of  a 

nllf    ,.f    thf 

ifinstinili-; 
and    finta«!i 

whirli    i~   '!• 


the   carl,,. ■latal tank,   the    jiiicc    is    piimpcl    ,.r    Inm-rl    tlirciiLili    llltcr    i.r,  .  ,- 

of   .ron   frames   so  rovere,)   «ith  cloth  that  the  j.nce  pas  es    hr  ,„Lh  th     c  ,    h 

".n,..      u%':„,V;n     ,-r     "•••^l"'!'^-    •■^    'Iroppe.l    trom    the   presses    an,l    convcN,-,! 
"'   '      ^""I^'    ""  "'^   f""'-  '■"•    '      '•*'    t.. mall   ,.n   extent  ,n   Amenc, 


E\  APORATING  THE  WATtK   FROM   THE  SUGAR 


\n. 


11(1,  .111.1   >i.:ni'lmi 
I"   llic   i\ai.nr.il.irs.  c.Miiii.inU    callnl    the 
fiinirslircl    wiih    luaiiii^   tiihc 
partial  \ai-miiii  is  inaiiitaiiud  in  tli 


a  third  i  .irhoiui.iii.iii 


.hr 


.,-     .    ,.  ,,       .  rati,  ill,  tiif  jiiu-.-   IS  carrif.l 

s   r„„„  „      .-  '      ■     """''">•   '""■"    Ui    larm-  air-tiKht   vcsst-Is 

s   rutnnig   irum  3000   to   rcw   sqiuiro    l,-ft   in   each   vessel        \ 

Uinperature.   tlu.s  Vr^.ruUuu  :U<oA:r.:::r:^iZ'^'i^J^''^^^^  ""'  ^'^  ^'  '-^• 


I.,s,    ,,t 


miavoiilahle 


-s  ,„  Miuar  iM  tins  a,,|...ral„s.      The  juice  passes  alnnR  c..pp,.r  ,  i pes  f rom  firs    to     ,      v        T 


VArui'M    PANS. 


.:   .^y'^'^''^.'"""'.-''''"''!'"    "'■'■'<'-"i."K   '>v    tlii-i    fv3ror.nti.,n.    min,,!,    crvtal.    Sri-ln    f.-.    f.-.rn-.       \VI.. .V.  :„.( 
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How  Can  We  Smell  Tlimijs? 

\uii  lU)  licit  iKt'l  lo  lie  inl.l  what 
iirK.-m  lit  till-  ImxI)  \vc  use  in  I'Xi-r- 
lisinK  ilif  sense  of  smell.  You  can 
prove   that   easily    t"  yourself   by   KCt- 

linj;   the   tio-e    withiti    ratine   of    :i    '1'-- 
ta>tifiil   Miii-ll. 

We  ilo  not  use  all  of  tlie  iin-i  b> 
smell  with,  and  the  nose  is  useful  to  u< 
in  other  ways  l>esiile>  this.  W  e  use  the 
no-e  a  urcM  "leal  in  the  ait  of  res])i- 
ratioii  or  hrealhinj;,  and  it  is  also  use- 
ful in  luliiiii),'  US  to  make  soumls. 
form  words,  aii'l.  thouKh  yon  may  not 
have  known  it.  helps  our  -ense  nf 
I;  -ti- 

We  smell  tliiiii;--  hy  mean-  of  the 
olfactory  nerves  which  are  loeate<l 
within  the  nose.  The  entire  interior 
surface  of  the  nose  is  covered  with  .n 
nunihrrine.  The  ends  of  olfactory 
n<r\i-.  or  the  nerve-  which  uivc  n- 
tile  'cnsatiim  of  smell,  are  in  thi- 
1111  inhrane,  and  the  air.  which  i-  tilled 
Willi  the  odor  of  thinj;-  we  snull, 
]i.i--es  over  this  menihrane.  aii<l  thn- 
tlic  ends  of  the  nerve-  feel  the  n.JMr 
;iii.l  cause  sensation  of  smell  iii  the 
brain.  The  nerves  of  -mell  A'>  ii"t. 
however,    u'o    all    thronuh    tin-    nuiii- 

hi-.i;u-. 

There  are  utluT  lurvc-  in  llic  iM-e. 
linvever,  besides  llin-e  which  ^ive  ii- 
tl'e  sensation  of  -mell.  The-e  are  al->i 
\.ry  sensitive  an<l  serve  to  in.iKe  the 
nose  exerci-e  other  fniictinii-  aIu'Ii 
the  insi<le  of  the  nose  is  lit, it  or 
tickled.  When  a  foreipl  -uli-Ialice. 
,,!,,•  nf  the  many  -mailer  iiarluU- 
which  are  con-tantly  Hoatiii.t,'  in  the 
:;lr,  ii<.^>  into  the  memhr.me  in  the 
nose,  it  irritates  these  nerves  and  often 
causes  us  to  sneeze,  whiih  is  only  na- 
ir.re's  effort  to  drive  >>u\  ihi-  fori-ii,'n 
Mih-tance  and  clean  "Ut  ihr  n"-e. 
.--nirll  i-  (.nc  of  the  le>ser  m'  the  live 
MH-c-  which  we  possess.  It  i-  mu-  n< 
wh.it  has  been  called  the  chemical 
-eii-es  The  -en-e  of  -incH  does  not 
act  at  anv  ),'reat  distance.  Ilii-  -en-e 
could  be'nia.le  of  more  \.iUu'  to  us 
if  we  developed  it.  Some  pcj.lc  have 
,■1  niorp  hiU'hIv  deveiopcd  ■cn-c  ui 
hniell  than  oihers.      I'lie  l^'wcr  aiiiinali 


h;.ve  a  much  keener  sense  of  snull 
than  people.  .\  ureat  in.iny  of  them 
c.in  follow  a  trail  for  miles  merely  by 
the  smell  of  the  foot-i>rints.  and  it 
i-  saiil  that  a  deer  will  note  the  pres- 
ence of  man  or  any  other  animal  that 
may  subject  him  to  danger  even  when 
miles  away,  the  o.lor  bein«  carried  to 
him   thronch  the  air. 

How  Do  We  Taste  Things? 

The  -en-e  of  l.i-lv  i-  closely  asso- 
ciated with  the  sense  of  smell.  In 
f.ict  we  do  a  fjood  deal  of  what  we 
think  is  tasting  by  usint;  our  >ense  of 
-mell.  .\  cold  in'  the  nose  will  some- 
times destroy  almost  alto>;etlier  the 
taste  of  fooii.  so  that  there  is  a  verv 
close  connection  between  the  sense  of 
taste  and  the  sense  of  smell. 

The    sense    of    taste    come-     to    u<: 
through  the  tonj;ue.  which   i-  the  prin- 
cipal  orf,'an    of    taste.       The    rein.iinder 
of  our  -en-e  of  taste  lies  in  the  -urface 
of   the  ]>alate   and   in   the   throat.      .\s 
ill   the   case   of    the   other    senses,   the 
-ensation  of  taste  is  i,'iven   U-  throntdi 
nerve-,     the     ends    of     which     arc      all 
lhrout;h  tlio-e  part<  of  the  tongue,  the 
|..'late     and     the     tlircil.     which     con- 
trihute   to  this   -en-e.      More  nerves   of 
l.i-tc   arc   located    in   the   hack    p.irt    of 
llu-    tciii^iic    th.iii    c.ii    tlu'    in.iit.    and    il 
1.    -.11. 1    tli.il    \c.lic.ii    \c'it    lia\t     to    -wal 
low   ;i   h.icl    cjc.-i-   of    medicine    it    won't 
t.  -tc-    -CI    iiiiicli    if    von    jmt    it    on    ttic- 
i;,,ni    pan    of     \onr    toii-lic    and    tin  n 
-w.illow,     liccail-c     tlurc     are     -c  i     tew 
M   tin-  iicTve-  there.       IIic  i-\tr. me  ti]) 
of      the      toiimie.      liowcMT.      is      very 
thicklv    ccuei-ecl    with    the    end-    of    the 
t  i-tc  ii(T\c-       In  like    manner  one  conll 
h.ive   the   front    end   of   llic   toni:ne  .lit 
otY   and    -till    rel.iin    mo-t    o:    the    -cii-e 
of    ta-te. 

Xow.  ill  order  'i  proclitcc  the  -en- 
sation of  ta-le.  tlic  -nlc-t,iiicc  lo  he 
tasted  iiui-t  coiiu'  in  cont.ut  with 
-omethint,'  which  iiii\e-  wilii  i!  and 
c."lise-  the  sensation  of  t.i-te.  Ihi-  is 
what  happens  when  we  taste  any- 
thing.     The    juices    c.r    lic|uids    which 

,,i\_'    Caii.'-t.'l    X">     r. ."-'.'/     ■.'.::;■::     .:::•.  \  ■.■■:: '^ 

I'lil    iiUu    the    inoiuli    kcl    on    the    sub- 
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..!.mii>  uliuli  lUUT  .iiiil  ;;i\>-  liic  i.i-u- 
iKrvi>  a  (.liati'i-  ti.  ta^ti'  lluiii.  Koally 
till'  iiiTvi«  I'l'  la^ti-  ari'  mi  I'lai'd  in  tin- 
imniili  a^  t"  hi-  nyiitar  u"'""'!'  '"■  •"- 
><|)ivt<ir>.  Ill'  what  -\\M  ii"  """  '''i" 
>ti>iiiai'li.  Noll  ran  -fi'  In'w  will  tlicy 
arc  arraumil.  I"  tlif  li|>  <  •  tin-  t.mcnf 
ciiitc  a  Irw  III'  tluin ;  in  llir  liack  ]iart 
of  tlu'  t<iii;;ni-  a  ar^M  many  mrvi-i, 
for  irntn  ituTf  llu-  I'mmI  .yocs  iiilo  \\w 
tliriiat,  wliiili  ililiviTs  it  to  tlu-  stuniaili ; 
tlu-n  tliii-f  in  tlu'  jialati'  ami  in  tlic 
lliriiat.  rUiy  arc  arran«cil  so  iliat  tlu- 
t.stc  ncrvc-i  liavc  aniiilc  o]i]i<irtiniity 
to  test  what  o>nic»  in  an.',  t  '  ),'ivc 
wariiitii:  III  the  hrain  <>l  wliat  is  licinc 
sent  to  llic  -iiitnaili  Sunictiincs  the 
things  that  omic  itMo  the  niontli  arc 
so  lilsta-tcfii'  •■•!  the  nirM>  of  tasic 
tliat  lht\  rnii-i'  to  hainl  it  over  to 
tlu-  stoiiiaih,  hut  in>leail  lan-c  thi'  ihs- 
tastelnl  ^tili-tanec  to  he  llimwn  oitl 
.•ij/aiii  iniinc'hatcly 

It  is  saiil  lliat  a  ;;oo.l  rnle  to  i-.llow 
ill  catin;;  xmuiM  he  to  ^wallow  only 
siuli  tiling's  as  are  jilcasiii};  to  the  sense 
of  taste.  <  >n  tiiis  ]iritKi]ilc  many 
ihiMreii  wonM  lUri.lc  to  eat  iiothini; 
hut  eanily.  hut  'lo  you  know,  if  you 
trieil  that,  the  .imtimious  la-tin^'  of 
sweets  hv  our  sin^c  of  ta-te  n.-rvi's 
wouM  i-au-e  them  to  re|icl  further  in- 
sertion of  eamly  after  a  while  Vou 
know  that  too  niuili  of  a  ijooii  thin'.; 
i^i  hail  for  you.  anil  th.it  is  wh.it  make- 
you  feel  liaillv  when  you  have  eatetl 
too  imuh  of  one  thiniL,'. 

What  H.qipf'ns  Winn  Wr  See? 

(  )f  course,  it  i^  the  e>e«  with  uliieh 
we  see  tliiiilis.  When  we  think  of  the 
things  witii  whiih  we  see.  we  think 
onlv  of  eve^.  whieh  iiive  Us  our  sense  of 
vision,  hilt  there  are  certain  form-  of 
animal  life  which  have  no  eyes  hut 
which  h.LVe  wh.it  ale  calleil  eye  s]M(ts  or 
eye  iioint-.  wliich  are  sensitive  to  liijht 
;i'ml  which  arc  merely  spots.  'I'liesc 
CM  s|,i,i~  mas  hi  locatcil  in  .any  part 
of  the  ho.lv.  ami  .arc  oflin  fouiwl  in 
j,'reat  numhers  on  the  smuic  hoily.  I  luse 
rij.lc  'Vi  -  :iri-.  however,  not  real  eves, 
riiey  arc.  as  has  :ilrea.ly  heen  s;ii,l,  sen- 
sitive  lo   lis:hl.  hnt   are   fouml  only   tii 


.-nine  III    llii-    xelj.    liiu    iiillii-  ul    .luiui.Tl 

life  which  live  in  the  water.  .\  real 
e\e  is  an  orjj.in  in  wliich  the  (larts  arc 
so  arranjjcil  that  ojitii.il  iin.iKcs  may  he 
iiriiuil. 

.\s  animal  life  hecoines  ilevelo|ieil  to 
;■  higher  scale,  the  parts  which  contain 
the  m.ikinj;  of  real  e_\es  heroine  nmre 
.iistinct  .ilthoiiyh.  of  course,  the  eyes 
themselves  are  not  so  highly  ilevclopeij 
as  in  man.  (  >ne  of  the  lirst  kimls  of 
life  which  has  eyes  with  a  ilermite  stnic- 
ttiral  character  .ire  the  worms,  sn.iils. 
itc,  thout'li  their  sense  of  \i-ion  is  more 
or  less  dim. 

When  we  come  to  tin  family  of  mol- 
hisks.  however,  low  ilown  in  the  scale 
of  life  though  they  ;irc,  we  I'lml  tliem 
lo  pi,Nse»s  eves  which  en.ihle  them  to 
s»e  aliuojt  as  weU  as  animals  which 
have  a  h.icklHine.  although  this  ki.al  of 
eves  is  coilstriicteil  in  a  very  ililVereiit 
m.inner  'li.-in  the  eyes  of  vertclirate 
.iiiimals  rcferreil  to.  .\s  wo  asceiul  tla 
scale  of  animal  life  in  the  stmly  of  eyes, 
we  come  next  to  the  crii^taccous,  wliich 
is  an  imiiortaiit  ilivi^imi  of  .animal  life 
that  emhr.ices  the  crahs  .iml  Inhalers, 
shrimps,  cr.ivvlish,  ami  insects  such  as 
saml-Iioppcrs.  heacli-tleas,  wooil-lice. 
t'-h-lice.  harnacles.  The  eyes  of  -uch 
.iiiimals  are  <|uite  <Ievelo]ieil,  hut  the 
I  iimhc-  that  each  will  h.ive  v.iries. 
Some  have  only  a  single  eye  ami  others 
two,  four,  si-  I.  ei!,'ht.  hut  only  cer- 
tain kiii'ls  of  this  class  of  life  have  more 
ih.in  two  eyes  The  spiders  }:cncrally 
h.iVe  the  most. 

In  vertehr.ites,  which  is  the  class  of 
.inimai  life  to  which  we  hclonsj.  the 
nuinher  of  eyes  is  almo-t  alw;iys  two 
ami  no  more.  The  eyi's  are  formed  in 
speci.il  s(K-kets  in  the  skull,  which  arc 
called  eye  sockets  or  orhits.  Tiiis  ar- 
rant;cment  of  placing'  theiii  in  a  socket 
is  of  tjreat  advanlaue  hec.ause  the  eye 
ii  thus  protected  from  chance  of  in- 
iiirv  exi'cpt  from  one  direction— the 
front.  These  .'mimals  hrive  also  eye- 
lids, cvehrows  .and  cyclaslies.  which 
serve  as  a  fnrlhcr  protcclion  tn  the 
eyes. 

The  princijial  j>.-.rt<  of  the  eve  .arc 
nrrrintrcd  in  a  jjlohe-hkc  b.ill  calUil  I  he 
<  vehall.        This      eveliall      is      niovahle 
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1  i  ilu-  --iKkrt  uinlir  luiitrul  iif  various 
ii;n>ili'>.  1  lu'  luliall  is  almost  sur- 
miiinliil  liy  a  iminliraiic  wliiili  i>  o|>ai|Ui' 
111  iii'»i  ])arts,  Init  very  traii>i«irciil  at 
ilii-  fniiit.  'I  liis  traii-iianiit  ]>i)riiiiii 
oi'  thf  Mirrouiiiliiin  nutiiliraiic  is  callfil 
1 1 II-  i-ornca,  aixl  is  (|uili.'  har'l.  This  i* 
ilie  oiitsiili-  coat  of  ilif  Of.  'I  lie  sooiiiil 
c  iiat  of  iiu'iiiliraiu'  consists  of  parts  *if 
\  Tiotis  names  ami  contains  the  iris. 
I  he  tliiril  coat  is  tiie  retina,  which  is 
llic  till!  of  the  optic  nerve  »nlerin>j  the 
i\e  fill!  from  Ix'liitiil  anil  i-xpamleil  into 
a  meinl.iane  wMiIi  spread-  out  over 
the  si  "oiiil  coat. 

The  retina  or  optic  nerve  reieives 
'iltical  impressions  fcKni.seil  iijHin  it  hy 
llie  crystalline  lens.  These  iin|ires,irin< 
. n-  carric'l  aloni;  the  optic  ner\e  to  the 
lir.iiii.  ami  the  hrain  tlu'il  receives  the 
iis.iiiiiii  (if  seeing'  the  iniafje.  The  eye- 
\i..]\  is  hiillou.  anil  its  three  snrrotimlinfj 
mats  form  what  is  ])raclically  the  same 
.IS  the  interior  of  a  camera.  The  crys- 
i.lline  lens  of  the  eye  acts  the  same 
the  lens  in  the  cameni.  '["his  crys- 
!  nine  lens  is  suspemleil  ,\ithin  the  eye 
I'lll  riylit  in  front  of  the  tr.nispareiit 
■  petiini;  in  the  front  of  the  eyeli.ill,  ami 
\>  hen  the  rays  of  lii,'ht  strike  this  Iimis 
ii  fiicnses  them  on  the  retina,  wliicl.  is 
the  saiiiv  as  the  Tilm  in  yonr  c.iniera. 

\v'hy  Can  We  Hear? 

W  •  « ;in  hear  hecause  natnre  ha«  prn- 
\''I<.1  Us  with  a  very  wondcrlnl  ory;.i'i 
(.'llr.l  ilir  i.ir  ami  which  caiches  the 
simiiil  wavi's  that  come  thrimtjh  the 
,'ir  into  the  ear  ami  m;ike  .a  ]iart  of  the 
(  ;ir    vihr.'ite. 

In  ii'.ni  anil  m;imni.ils  llie  e;ir  is  t,'en- 
.  .il!\  liinnil  on  the  otitsiile  ot  the  hmly, 
1  lit  the  princi|>.il  part  of  the  e.ir  is  lo- 
citid  within  the  <]sv.]\.  What  we  call 
r.irs  .arc  only  the  fnTmel-sh.i))eiI  exten- 
sions on  the  outside  of  the  heail  which 
.ire  not  so  very  impori.int  so  f.ar  as 
liiarinir  is  cnnceriii'l,  hec.inse  they 
..nly  hilii  the  real  ear  to  hear  more 
cisilv.  The  ontside  of  the  e.ar  t;at!:M< 
in  the  so\iiid  w.-ives  and.  hec.nise  it  is 
nnich  l.iri.;ir  lli.in  llie  linl'-  h"!'  wliiili 
t.lkes  liir  -miiiiis  ni  in  liu-  ii.ii  r.n. 
we  can  di  Icct    more   sounds  ]>\    li.uini: 


this  funnel-shaped  arr;mj,'emeiit  on  the 
ontsitlo. 

The  inside  of  the  ear  contains  an  e.ir 
drum  or  tympanum  which  is  .sep.irate(l 
fi-oni  the  outside  jiart  of  the  ear  hy  a 
meinhrane.  I'.ehiml  this  eardrum  is  the 
re.il  he.irinj;  )iart  of  the  ear  in  a  lahy- 
r'lith  containing;  the  nerves  of  hearing. 

Now,  wheti  a  sound  w.ivi  strikes  the 
meinhrane  wljicli  hani,'s  over  the  open- 
inj;  hefcre  the  eanlrum,  the  mem- 
hiaiie  vihr.ites  and  transmits  the  sound 
uave  throuuli  the  eardrum  into  the 
inner  ear  which  cotitains  the  ends  of 
the  nerves  hy  which  we  he.ir.  These 
iu'r\es,  fin  receivin>;  the  s-  ation, 
f.itismit  it  to  the  hrain  which  tiius  re- 
cords  the   impression   of    -oumls. 

.\s  we  descend  the  scale  of  :miinal 
life  from  the  m.immals  druvnw.ard.  the 
i.ir  iKvomes  a  more  and  more  siuijile 
ir'_;,an.  In  the  vertelirates  which  are  not 
m:inim;ils.  there  is  no  eNti'rn.il  e.ar  at  all. 
;ii.(|  we  t'ind  >;reat  simplilications  of  the 
e.ir  the  lower  down  in  the  scale  \vc  go. 

VVliat  Is  11  Tntcni  Pole  For? 

Ilclori'  jieople  li.id  in(hviilu;'.'i  uatv.cs, 
the  savai,'e  jieople  who  lived  in  dans  or 
trihes  referred  to  thituseives  in  the 
Tianie  of  some  n.itural  ohje.t.  tisu.ill\ 
.111  animal  which  th.'y  .assumed  .as  the 
n.ime  or  emlilem  of  the  dm  or  trilc 
Tlu'si'  names  never  applirl  I'l  "nr  in- 
dividual more  than  .'mother.  \<[\{  onl\ 
li-  till-  I  i.in  uv  Ifihi-.  sii  th;it  cvirv'inr 
ill  ;i  trilie  whu'li  had  taken  the  "wnlf" 
for  its  einhleiii  was  known  ,is  •WUlf  " 
l.;ter  on  they  he;,';in  to  distinuuish  in- 
ih\iilu:ils  hy  ^'ixiii),'  them  additional 
names  characterisiic  of  the  indi\idual. 
such  as  "l.nndv  Wnlf,"  "("irov.tinsj 
Wolf,"  or  other  names.  The  name  of 
this  ;mim;il  w;\s  then  the  einhlem  of  one 
II  he.  riu\.  therefore,  ])l,iced  this  eni- 
Mi'tn  iiimii  their  hodies,  their  clothes, 
rteiisil-,  e!i-  rhro;ii;h  this,  these  eiii- 
hlenis  also  hecinie  ;it  times  idol-  of 
uorshii)  and  so  thiy  erectt'd  poles  upon 
v.  Iiidi  their  emhU'iiis  were  eiii:r;ivcd. 
'i'he  word  t'lti  in  is  a  X'irtli  \nirrii'.-iii 
Indian  word  ninininL'  "fatiiih  Irkcii." 
Till-  Irihrs   ,:ill<d   llu'iiischrs   nftrr   .-in- 

1!--       iMMII       wilHIl      tilCy      Ui.iiCV\.-i      lllClli- 

seUes   desi  ended. 
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WHN     ilOWlKS    MWl:   PCkllAM-S 


Where  Does  a  flower  Get  Its  Perfume  T 
'llif  peri'iinu'  <ir  -imll  iif  tlie  tlnwir 
cniius  troiii  witliin  the  plant  itself.  1  he 
lurfiinie  ariM-s  frniii  an  oil  whieh  the 
plant  makes,  ami  just  as  there  are  many 
kinils  (if  tliiwer-..  so  alnio>t  every  tlower 
has  a  ililferenl  smell.  (  >f  course,  flowers 
helonKinj;  to  the  same  family  or  s]>eeies 
are  likely  to  develop  .lilTerent  -mill--. 
The  oils  ])roiUieeil  are  what  are  known 
,1^  the  volatile  oils,  whieh  means  -tlyini,' 
oils,"  heeause.  if  extracte<l  from  the 
flower  .-nwl  plaeeil  in  a  liottle  ami  the 
eork  left  ont.  they  will  vanish  into  the 
air  Witliont  thi^  i|uality  we  eonM  not. 
of  eonr~e.  -.mell  ill  in  at  all. 

Why  Do  Fbwers  Have  Perfumes' 

M  .n  ii~v-  lln-e  o;K  l"  pnivi.le  him- 
self wiih  perfumes,  hut  the  jilant  or 
tlower  h.is  .mother  juirposc  tli.ni  this. 
The  perfume  is  tiot  niaile  for  man's  use, 
lint  for  the  use  of  the  iilaiit  it>elf.  In 
the  I'l.mt  an.l  tlower  W(irM  the  -null 
of  the  plant  whieh  i*  in  the  tlower  i- 
;i  part  of  the  seheiue  wherehy  ]ilatUs  re- 
prodiiee  themselves. 

I-'.verv  pl.int  in  order  to  repri>duee  it- 
self mu-i  proihiee  ;i  seed.  I  he  flowers 
.ire  ill  most  ca-es  the  advanee  ai^'ent  of 
the  eoinini;  seed.  I",aeh  tlower  prodiiees 
within  itself  a  little  i>«nvder  ealleil  the 
pollen,  hut  as  plants  are  like  people — 
also  male  ami  female — they  are  dejien- 
dent  upon  eaeh  other  for  the  prodnotion 
of  a  perfeet  -eed.  Sotne  of  the  pollen 
from  the  male  plant  tiuisl  he  mixed 
with  the  p<illeii  of  the  female  pl.int 
li.fore   a    Jierfeet    seed    results. 

How   Do  Flowers  Produce   Seeds! 

X.iturally.  the  nearest  male  plant  to 
.1  female  ]>lant  may  he  quite  ^ome  dis- 
tance otY.  llow.  tlun,  is  the  p.tilen  from 
the  mate  plant  to  mix  'vith  the  pollen 
of  the  female  pl.int?  In  some  eases  it 
is  tin-  wiivl  whicli  hlows  the  i.oUen  ]iow- 
der  from  one  to  the  other,  ami  this  il  ..is 
le.ives  the  development  of  a  perfect 
sicd  from  a  perfect  tl<iwer  open  to 
cli.inci  In  the  case  of  iierfuined 
flf)wcrs,  however,  which  are  mostlv  low- 
irrowiiii,'  I'lant-.  the  wind  cannot  he 
drp.'iided    uiion       So    nuture    g'ves    to 


-;ieh  pl.iiits  the  power  lo  make  the  ].er- 
fumed   oil   and    thr   l>n-\    lui.'   ','»-   the 
rest.      The   perfume   lieinj,'   a    ll.'.ii;,'   "il 
rises   up  into   the  air   and   attracls   ihr 
liee.      lie  is  .u'atheri"i;  honey  and   \isits 
in   turn   .ill   the   llow  its   to   wjiiidi   \\r   \- 
attraete  1.      lie  li.i;hts  on  .i   male  tlnurr 
and    i,'athers    in    his    h(iiu\.    ,-ind    iiui 
dentally   aci|uires   on   his   U'.^s.    uitlioiii 
intendinj,'  to  do  so.  some  of  ilie  |iollen 
of  tiie  male  tlower.     Hien  he  llies  alionl 
to  the  next  tlower.  and  to  others,  .iiid 
siHiiier  or  later  he   will  come  .leross  a 
female  flower  of  the  s.;nie  kind  as  that 
from   whieh   he   scenre.l   the   pollen   on 
his  Iet;s.      Wlien  he  thus  enters  the   le 
male    tlower.    the    jiollen    on    his    lei:- 
tni.ses   witii  the  1  olleii  of  tlie  s.mie  kind 
,,I    the    felll.ile    t!o-,\ ,  V,     Hid    .|nite    unill- 
tention.ilK    the  lue  lielps  thus  to  ni:ike 
the  perfect  seed.     It  is  not  a  part  o,   a 
hee's  business  to  do   ihis  cirrvin,:;.      It 
onlv  h;ii>pens  l!i.il  li--  does  this  in  con- 
nection   with    his    r.  ,nlar    husines>    "l 
!,';itlierin.i,'    lione\ .      It    is    ,i    wonderiul 
tliiiis;  which  may  he  noted  here  that  the 
pollen   from  a  in.de  of  anv  tlower  will 
not  mix  with  the  j'oll,  n   of  the    female 
of   anv  other   kind   of    llow.  v.   luit    that 
the    sunie   kinds    mii1\    li.ue   attiaetions 
for  each  other.    Mowers  are  given  these 
attractive  peifiunes   in  order  th.'it   thev 
mav  attrai't  tlie  hees  .an.!  other  insects 
in    this   way.      'I'he    iil.'nts    or    flowers 
whieh  grow'  closest  to  the  ground  have 
generail\    the   strongest   .and    nio-t    far- 
reaching   siiiells,      'Phis    is   s,i    tli.it    tlicv 
will  not  he  o\  eriooki  a, 

Whv    Are     Leaves    Not     All     the     Same 
Shape ' 

i.e.ives    are     'i    dilVerent    shapes    he- 
cause  t.icy  belong  to  diflerent    f.imilies 
of  i)l;mts"or  trees.     Thew    arc  a  goml 
de.al  like  jieople  in  this  respect.     1  l.irdK 
tu'>  jieople  in  the   world  look   exactK 
alike,  but  there  is  a  disti""  familv  re 
semblance  iti  memlK-rs  of  .' ,v  same  fain 
ilv.     It  is  difficult  to  say  just  what  h.aii- 
pens  insi'le  the  tree  to  determine  the 
shape  of  the  leaf  and  that  causes  them 
lo  posses-.  dilTeicnt  shapes  from  others. 
The    shape    of   the   leaf    is    n    mark    o 
identification  of  the  f:imi!\  to  which  the 
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i)MI.    RADIATORS    ARL    LONCiKR    THAN    OTHLRS       !:)9 


•.HI.  r  |)l,int  ln-li)ii^>,  just  as  yuii  can 
ttll  irniii  a  (lc).i;'>  ears  aiul  I'mm  other 
I  Iiaractiri^tics  what  liis  hnrcliiij;  has 
|]ci;i,  hi  llic  ca>o  of  plant'-  and  trees 
hiiwever  it  is  ([iiite  p-nhalile  that  the 
-hajie  anil  texture  of  tlie  leaves  has  t)eeii 
!i\r!(.iH.l  as  the  result  of  the  cuU'li- 
lii.n-  iiii^Kr  which  the  jilaiit  i;row>.  A 
lil.int  "!■  iree  throws  otT  nwueii  aiul 
•,ike-  in  car!]oinc  aeiil  ,ua-  t!ir. mgh  thi 
>i.rlace  of  the  leave>.  To  thrive  and 
hi  ;K-althy  is  inu-t  secure  ju^t  ilie  proper 
imouiit  of  thi>  food  ami  as  the  i|uaii- 
litv  of  food  taken  in  depends  upon  the 
iMiount  of  surface  cxpose<l  through  the 
leaves,  each  jparticular  tree  or  jilant  ha- 
develoi)ed  in  it>  own  direction  ni  tli.- 
respect  until  thi^  feature  of  their  struc- 
tures has  lieen  adjusted  proi)erI\  to 
llicir  Mec'K.  It  i--  a  j;ood  deal  like  the 
raili  1  "f  he  i!  in  yo.ir  Ir'UH'. 

Why  Art-  Some  Radiators  Longer  Than 
Others? 

Wiiiii  ;he  pliunlier  -et>  ready  to  put 
m  the  radi.u i'r-  in  the  home  he  tiijures 
llie  ciihic  ineaMirement-  of  the  room  and 
then  put-  in  a  radiator,  the  oiUside  sur- 
ftice  of  wh^'-e  pipe-,  i-  in  the  riuht 
proi)'irtion  to  throw  n(i  -ulVu-iciiI  lieat 
1.1  till  the  r.'om  or  heat  all  the  ,iir  in 
the  rnijiii.  It  rci|nire<  a  certain  lunn- 
licr  of  sipiare  indies  ..f  radiator  siirt'ace 
tu  heat  each  cn1)ic  'oot  of  .air  spaci  and 
.1  -.  ,id  lilumher  can  tii^nre  thi-  tn  a 
ii;cet\.  If  he  ]itil-  ill  ;i  radiator  li^w- 
i\er  llitit  ha-  \ud  -niticient  niimlHf  nf 
-juare  inche-  on  the  out-ide  ..f  Hie 
;  ipes.  the  room  will  not  he  he.itrd  prnp- 
iilv.  in  the  same  way.  the  tiee-.  re- 
-piire  ih.at  their  lea\e-  h.ive  :;  certain 
amount  of  S(|uare  incites  of  <tiitace 
-p.ace  in  proportion  to  the  -i/c  ni  the 
lice,  I"  enahle  t'lem  to  do  what  i-  rc- 
.;nired  nf  them  and  thi-  i-  arranged  hv 
iialnre  -i.  tlitit  the  tree-^  p'-ow  nattirally. 
and  no  doiiht  the  sh.iiie  of  the  leaves 
has  sometiiinii-  tu  do  w  itli  this. 

What  Makes  Roses  Red? 

\11    iM^c-    are    n   i     red.      S' inio    ,Trc 

■    ';ile  :;::d  others  pilik  or  of  5ti!'  atvti'vr 

nlor       The   color  of   the   rose,   and   in 

lad    tnr  .ail.ir  ..f   ,ill   ll.iwer-   i-   due  to 


the  w.iy  they  ahxirh  .iiid  rellect  the  -iin- 
liLTht.  In  the  ctise  i<i  the  red  ro-e.  tile 
somethinii  in  the  plant  that  <letermines 
the  color,  ;il)-orli-  .iM  the  other  co'or- 
in  the  sunlight  ;ind  rellects  the  pure 
red  ravs  aiiil  that  lu.ikes  the  col  .r  "f 
the  red  rose.  V<hi  cannot  -ee  the  colir 
of  any  llower  when  it  i-  (lerfectly  dtirk. 
That  is  hecause  they  htive  no  color  of 
their  own,  hm  oiil\  the  e^lor';  which 
they  reflect  when  in  the  sunliKlit  or 
some  other  liudit.  The  'HU'-tinn  "i  col- 
ors i-  more  fully  explained  in  another 
part  of  the  hixtk. 

Why    Do    Plants    and    Trees    Grow    Up 
Instead    of   Down  ' 

\-  .1  iiKiltci  iif  f.ict  pl.mt-  .and  tree- 
dii  t;r"\\  duwiiuard  as  well  ;i>  up.  There 
I-  a  p.i-  f  each  called  the  root  whose 
Inisine--  it  is  to  grow  down  and 
!  ike  cert.iin  tIiiii.L;s  necessary  to  the  life 
•if  the  tree  mit  of  the  i^rouiid.  i'.iit  the 
part  We  -ee  aliove  the  j^round  tind 
which  i-  the  ptirt  we  y;ener.illy  think 
of  onlv  ulicn  we  think  of  plant-  or  trees. 

The  iree  or  iilant,  in  order  to  .^.^mw 
properI\.  ami  eventually  ))roduce  llou 
er-  ,uid  perfect  -eeds.  nnis'  lia\e  -tin 
-liltu-  and  carhiiiic  aci<l  s.;a-.  and  it  i- 
the  liii-iiK--  of  the  le;ive>  tind  ntlicr 
p.irt-  ahii\e  the  i.;ronnd  t"  Ret  ihe-e  out 
•  'i  the  air  fur  the  ;.:uod  of  tlf  pi.iiit 
or  tree,  Sii  ihey  -t.irt  to  t^r^  iw  toward 
the  sun.  It  i-  ea-\  to  prove  huw  a  plant 
win  turn  toward  tile  lii^ht.  T.ike  lujtice 
.if  the  pl.int-  in  the  thiwer  ])ot-  at  h.ime. 
.-^et  one  of  them  on  the  win.l.iw  sill 
in-ide  '.  ■  win. low  where  the  -tin  can 
-hill.'  I  it  and  ii.itice  li.i\\  .iiiu'kU  the 
leaves  and  hr.'uiche-  will  he  licnt  o\c- 
,ip;;iiiist  the  window  pane.  Tmn  it  c..m 
pletel}  around  then  so  ih.it  the  plant 
k'ans  ;iwav  from  the  sunlight  .ami  w.itch 
it  f.ir  a  ilav  or  tw. ..  I'.cf.irr  Ioiil.;  \.mi 
will  titiil  lliat  is  lia-  iMt  .iiiK  -ti,iii;ht- 
ened  il-elf  coinpletelv  .ml  hut  -tarte.l 
to  le.in  tow. aril  the  win.l.iw  ulass  actiin 
-o  .a-  to  ;;et  .a-  iie.ar  tlu'  -iin  .a-  pii-~ilile 
M(i<t  Jilants.  if  kept  where  the  -iin 
licht  cannot  t.'.iich  thcni.  will  .lie.  T't  ■ 
-iiii!i',jht  i-  a  necessarv  part  of  their 
li\es 
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\\H\T    TMOkNS    ON    ROSI  S    \U\     I  Ok 


V.'hat  Bf(nm,->  of  the  Plants  iind  Flowers 

111  Winter! 

A  i:rcai  many,  in  i;nt  ilic  l.ui^c  I'lT- 
cciUai;c  iif  plants,  live  only  duriiii,'  'Mie 
season.  This  kinil  i>\  ]<\nul  actiiall>  dies 
i-iintiili-tdy  allir.  in  tlie  iiatnral  lour-c 
..f  ;^Tfiutli  anil  llowcrinj;.  it  lias  pro- 
(liu-iii  its  siv.l  which  is  the  nietluMl  by 
wiiicli  >uih  i>lanl~  are  repr.  ulnceil 
(  nher  plants  only  .ippe.ir  tn  ilie  in  the 
winter.  Parts  ><i  tliein.  -neh  a>  th«' 
leave-  aii.l  llnwer>  actually  >lie.  but  the 
nidts  anil  stalk-  i>l  such  plants  do  ni>l 
ilie  in  winter.  The  i>art  that  rei)resents 
the  lite  in  them  i^ue-  tn  -leep  and  Hes 
(Idrniant  until  the  li-lit  ancl  warnilh  "f 
sumtner  lirini.;  forth  the  leaves  and 
flower-  auain. 

The  tlowers.  howe\er.  alwa\-  die  and 
the  -anie  iLnver-  never  api'ear  aijaiii  iiit 
other-  just  like  them  ;iiii>ear  in  tl  eir 
places. 

l-'.ven  in  hot  countries  where  there  is 
no  winter,  the  plants  nui-t  un  throu'.'h  a 
period  of  rest  of  -leep.  althouu'h  this 
chatiLie  is  not  so  marked  in  plants  which 
i;row  in  these  hot  countries. 

How  Can  Some  Plants  Climb  a  Smooth 
Wall; 

I  •■  -et  at  the  answer  to  thi-  c|uestion. 
we  -lioiild  pick  out  one  kind  of  plant  like 
the  creepintj  ivy  vine.  If  we  examine 
same  as  it  climbs  a  brick  wall.  \vc  tind 
ih.at  it  send-  otu  little  slier  .ts  which  at- 
tach themselves  around  the  little  rouv;h 
)ilaces  in  the  bricks  of  the  wall  which, 
if  examined  under  a  inicrnscope  are 
(|uite  lar.:4'e  apparently — at  least  they  are 
larLTe  enoimh  for  the  tin>  creepers  of 
the  ivy  to  hold  on  to.  (If  course,  if 
there  were  only  one  little  "shoot"  to 
reach  out  .and  take  hold  of  the  roui;h 
-pots  in  the  wall,  the  vine  could  not 
clinjr  to  the  uall.  but  the  vine  i)nts  out 
a  i;reat  many  of  these  shoots — which  it 
would  i)erhaps  be  best  to  call  "clinker-" 
ami  as  each  helps  ,-i  little  to  hold  on.  the 
^jre.it  miniluT  all  holdint;  on  toy;ether 
enable  a  (inite  he.a'y  vitie  to  hanir  on  to 
an  .ipji.irenily  smooth  wall. 

Some  vines  have  actually  the  ability 
to    -end    out    litt'c    -uckors    which    are 


iii,,.li-  ..11  ;I.^'  -aiiK  priiKipA'  .1-  the  n.'\'- 
sucker  la  circular  jiiece  of  leather  wiili 
-iriiiy;  allacheil  to  the  middle  with 
which  a  boy  can  pick  up  stones)  and 
such  plants  can  clini.;  to  .and  clinib  ii|)  .in 
almost  perfectb   smooth   wall. 

What    Are    the    Thorns    on    Roses    and 
Other  Plants  Good  For.' 

I  lie  lii'iii-  oi  i.i-e-  .Hid  oilur  pl.inl- 
which  h:i\e  thorns  orii;inally  L;re\'.  lor 
the  purpose  of  cnablinu:  tlie  iilant-  to 
f.isteii  themselves  on  to  other  thiiii;s  thus 
helpiiii,'  them  to  climb.  Many  ])laiits  with 
thorns  are  perniiited  to  j;rou  now  in 
pkices  where  they  can  u-e  their  tlioni- 
for  climbint:  but  ni.any  other-  \Mtli 
tliorns  are  cut  down  by  the  L;ardeuer  to 
m.ake  the  |)l.ant-  -hapely  and  to  iiiaki. 
them  produce  more  tlowers  .md  h-- 
braiiches,  but  they  keep  on  f^rowin^' 
their  thorns  iu-t  the  same. 

Do  Plants  Breathe! 

^  e-.  indeed.  |ilant-  do  breathe.  lo 
breathe  i-  ju-t  .i-  imiiortam  to  the  liic 
of  a  plant  ,is  it  i-  to  a  boy ,  or  ^irl. 
I'l.ants  do  not  li.ive  hmirs  like  boys  and 
^irls  .and  L;r..wii  up  jjcople.  but  they  tiivl 
it  necessary  to  bre.atlie.  Von  know,  of 
cour-e.  that  tUhe-  breathe,  but  llic\ 
haven't  any  luiv^s  either,  even  though 
till  .  bel'iii;  to  the  animal  kii-.L;doni 
li-hes  do  not.  however,  breathe  llie  air 
in  the  -ame  form  a-  we  do  becan-e  llu\ 
inn-t  u-e  the  air  which  the\-  hud  in  ilic 
water.  That  i-  why  we  sa\  tislies  drowii 
when  on  the  laml.  Thev  cinnot  breathe 
air  in  the  form  in  which  we  ;ire  able 
to  ii-e  it  .am-  niori'  than  ]ieople  cm 
breathe  the  .air  in  the  water. 

I'lre.ithini.:.  however,  i-  necess.iry  to 
all  liviti.tr  thin--  am!  the  yas  which  we 
t.ike  ill  when  bre.ilbino  is  oxygen.  Tin  ri 
i-  oxvyen  in  the  w.iler  as  well  as  in  tli^ 
air.  Thin;;-  which  live  in  the  aii  take 
their  oxvjren  out  of  the  air  and  iIuhl;- 
v\  hich  live  in  the  water  j;et  their  oxyueii 
out  of  the  water.  I'or  this  purpose  it 
!>  nece-sary  for  plants  and  animaK 
that  live  under  the  w.iIer  L.  iit^i  .1 
breathint;  apiiar.alns  especialh  .id.iptcd 
for  ^ettin^f  ox\i.r<-'ii  out  of  tlu    \v;iler. 


\^n^    Milk  iwcoMis  soi  k 
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What  Happens  When  Breathing  Occurs? 

i  lie  .I'l  "I  Iiri'.i'iiini^  ci'i!-i-t~  rcalU' 
111  luii  action-.  TakiMLj  sdmctliiiij;  into 
the  hody  and  expelling  sonii-thin;;. 
Iait\  livinj.;  thiiij^  inhales  and  expels 
in  llI•eathin^^  We  take  in  nxyt^cn  ami 
expel  it  attain  lint  when  it  runies  out  it 
has  added  somet'ini^  to  it  and  the  -om- 
hination  or  result  is  earhonie  aeiu  ,'as — 
so  we  take  in  owiji-n  and  exiiel  rarhonie 
acid  L;a-. 

How  Do  Plants  Breathe? 

Tin  lnn-~  ..1  a  plain.  <ir  wh.it  the 
plant  breathes  with  corrop'iudiiiL;  to 
our  Inni^s,  are  located  in  the  leaves  of 
the  plant.  I'ikKt  a  inaLrnityiiii;  ;;las> 
ue  cm  NIC  the  Itiiii;-  of  the  leaf  iitute 
clearly.  In  .iddition  to  this  we  knov. 
that  pl.ints  breathe,  because  if  we  i>nt 
them  in  a  vacnuni  where  there  is  no  air 
they  .lie  Very  (|nickly.  'ihe  plant  needs 
air  o]-  it  will  sulVocate  just  as  any  ani- 
mal will  >.nl"l'oc,ite  innler  similar  cn- 
ilitions.  I'l.ant-.  li.i\\c\cr,  do  not  make 
n-c  111  tl  -•  oxyi,'en  as  they  lind  it  in 
the  .lir.  riiev  live  on  the  carbim  which 
they  find  in  the  air  mixid  with  nwijen. 
What  happens  then  i-  llii-.  The  plants 
take  in  throiiuh  their  hm,::s  in  the  lea\i'- 
carboiiic  acid  ijas  from  which  tlie\  take 
the  c.-irboii  .and  Use  it  a-  i  'ol.  .and  llirnw 
iilT  the  "xyiTen  which  tlie\  cannot  n-r. 
llnm.aii  beintjs  .and  uijur  .inimaK  take 
tile  i)Xyi,'en  iiUo  their  luniks  .and  n~e  it 
and  expel  carbonic  acid  i^'a--.  'rhr  rcNutt 
i>  that  each  kind  .if  life  i-  dependent 
upon  the  other.  If  it  wire  not  for  the 
plant  life,  men  and  other  animals  would 
lind  it  dit'ticnlt  perhaps  to  lind  -nflicient 
oxygen  in  the  air  to  keep  them  alive,  and 
if  it  were  not  for  the  c.irbonic  acid  '4.1- 
which  the  animals  throw  olT,  pl.anl-  .am 
other  veu:etable  life  woii'd  ha\e  L;re.il 
ilitlictilty  in  luidinL;-  --nlticiinl  carbonic 
•i.-;.j  ..■•,,  to  -,'0  nr'Mrid 


Why  Do  Plants  Need  Sunlight? 

Mii-r  plant-,  if  placid  w  'nv.:  U'l  ! 

jbt 

iy.  ,.,>     .1,,,     ..,,,,     ^.,,,     ,■:  .•.■.]•     '.\\:-.:'.       ■.■.'':'.] 

1;.. 

wrv  i|nicKly.     To   pnne   that   a   p 

.ant 

needs    the    sunlii^lil    we   Ik'uc   oiiK 

lo 

place  it  in  a  d.ark  cnrner  of  the  ci 

liar 

and  noiicc  ju^  mj^u  it  dies.  In  f.ict  if 
it  were  not  for  .sunli^dit  tlurc  would  be 
no  life  on  earth  at  all.  'Idle  plant  or 
tree  drinks  in  sunli;;ht  tliroui;h  the  >nr- 
faec  of  the  leave-.  In  fact  the  ability 
to  take  in  -unli;..;ht  constitutes  the  real 
lite  of  the  tri'e  or  plant.  Leaves  ^row 
thin  and  llat  in  order  that  as  much  sur- 
face as  po>.-il)!e  m.iy  be  ex])  .sed  to  the 
snnlii.;ht.  If  a  leaf  were  curled  up  like 
a  hoop  oidi  .1  |..irt  of  the  out.siile  sur- 
face would  be  expi.-ed  to  the  -unli-ht 
and  the  aniomit  of  life  that  a  leaf  coulil 
supply  to  the  rest  of  the  tree  wouhl  I)e 
much  le->.  The  leaf  is  Sfi  cou>tructed 
that  wlien  the  snnli.y;iit  strikes  down 
upon  its  -reen  surface,  it  clrm^^es  the 
c.irbonic  acid  .^as  which  it  drink-  in. 
into  its  idemetits,  i.e..  it  t.ikes  out  the 
c.irbon  which  L;oes  iino  the  Imdv  of  the 
pl.int  .and  combinin.i^  with  other  food 
.and  w.iler  supplied  jjy  the  roots  c.iuse- 
the  ]il.int  or  tree  to  u'fow  .and  then  re- 
turns the  oxxvren  \KiTl  of  the  eari)onic 
.acid  i4:as  to  the  ;iir. 

Why  Does  Milk  Turn  Sour? 

1  ile  aiilis  liuii-  -.,,  ;r  ;,ec.m-e  ,1  little 
niicr.ibe.  known  as  the  milk  microbe 
Uets  into  it.  .and  beiie.,'  very  fond  of  the 
-u.i,'ar  which  i-  in  the  milk,  turns  thi- 
-ni;ar  into  an  .acid. 

It  we  could  kei'p  milk  entireU  .iw.ac 
from  the  air  .at'ter  the  cmv  is  milked. 
it  wouhl  not  turn  sour,  but  .1-  soon  as 
it  is  exposed  to  tile  air  these  micr.  .lies 
which  are  constantly  in  the  .lir,  dro]i 
into  the  milk.  They  are  alive.  althoni,di 
invisible  to  the  n.aked  eve.  If  when  they 
drop  inio  the  milk  it  i-  warm  enon;.,'-!i 
for  them  to  .^et  in  iheir  w. nk  -..  t'. 
-pe.ik.  tliiy  f.all  upon  the  sn-.ar  in  the 
milk  .111.1  turn  it  into  the  acid.  Ihrit 
.attempt  to  -our  ihe  milk  can  In-  .i\cr 
come  by  keepini,'-  the  milk  ;it  ;i  low  icni- 
perature  in  the  refriu'erator.  but  a-  .-o.  m 
a-  the  milk  i-  taken  out  of  the  refriger- 
ator and  left  out  loni,'  enoiiLjh  to  become 
warm,  the  microbe  bei^ins  to  work  .and 
the  milk  cannot  be  made  sweet  a '.lin 

r:    :::■.-    :lmK  IS  honed  as  soon  01    -inniu 

.iftrr  the  cow  is  milked,  the  -n^ar  in 
the  niilk  is  cliaii,y:eil  in  such  a  wa\  tli.it 
the   microbe   cannot    feed    upon    ii. 
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HOW    RIGS    ART    S\ \W 
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A  I'LKblA.N    KLo   ULA\tli   Al    \\uKK. 


The    Storv    in    a    Kua 


What  Are  Carpets  and  Rugs  Made  Of ' 

I  in:  fli'iHT-i  wMi.l  ..f  thr  W'l-M  !- 
r.-c!  m  liK-  nuinu'ai-tnrc  ni  .ari'il.  In 
onKr  ti)  K'ive  satistactor)  -crviii'  carpit 
imist  l.c-  inadi-  <'t  «'">!  tliat  i-  m  a  timi,'li 
([lialitv  and  ha-  a  lonu  lil"-r.  Mull 
wuol  'is  iinl  i.rd.hui'il  in  Aimru-a.  an.l 
till'  inarkit-  nf  the  di-tant  land-  ilia' 
-iqij.lv  it  arc  prai'tii-allv  cxt-.avi-t>'d  In 
-iil'i'Iv  llif  Anicrii-an  nianiliai-tunr- 
Mi.-l'  (if  llif  \M"il  ii-od  (-(iiiu's  trii'ii 
.\..rllKTn  Rii»ia.  SilxTia  and  Tliina  It 
i.  sliijipid  in  haU-  W'lun  it  arn\a_-  at 
the  mill  llnTc  i-  niuih  i"  1»'  dcino  lu'loro 
the  WDol  i-  ready  I'l.r  any  iTo.es-  ct 
niamit'ai-tnrini:. 

How  Long  Have  People  Used  Carpets ! 


,11  111    \\  1  .i\  hil:  -t.iiu 


iinniii-t       aiH 


anionj;  tin-  amient  indu-trif-.  It  eaine 
intr>  living  ill  tlu-  -inin-f  land-  >>l  the 
I-'.ast  wluTf  i-nlor  lia-  I'lidlf—  iliarin 
atid  varictv  and  wlierc  liuurf  i-  niad>-  ti- 
-..rvc  tlic'imriH-i-  of  tai-t  and  tamy. 
Tlu'  art  of  wi'avini;  ruj;s  is  older  tlian 
ili/ation.      Stone   earvitii,"^ 


L 


i  .,'\iiltaii    >iM 

made  when  I'.yyi't  wa-^  yet  .mhoni  were 

reiirodueed  in  ruk'--. 

\t    what    lierind    the   loniii    was    lir-t 
u-ed  is  inipu-sihle  m  tell        \ti   am  tent 

•J'ictiirc<  ail  I   'I'-^rriiiluiii-  tiy  c 


lewi-li  le-end  elaini-  that  Naaniah. 
ilaiiuhter  nf  luliaMani.  \\a-  the  in- 
x.iiti.r  uf  the  |.roee—  of  weavui^' 
thread-  into  elotli.  iliere  are  (itlier  ill- 
dieation-  thai  the  aiieieut  llehrews  were 
the  fir-t  weavers.  Mythol.)i,'y  al-o  lells 
iif  heautiful  inaiileiis  weavinji  exi|Utsite 
I  atlern-  for  the  u'ods.  Most  of  Us  are 
familiar  with  the  -tory  of  Ja-on  who 
-et  -ail  nil  Ihe  Xr-o  in  seareh  of  iho 
I  ntdeii  I  lee.e.  arrived  at  the  kingdom 
,.f  \e  le-.  won  the  hand  of  Meilea.  the 
■  lanuhler  nf  \<eti'-.  who  t'lnped  with 
!  ini  after  lie  iiad  -ernnd  the  envel.  d 
ileeee. 

1  he  lii-t  hand-  hlisy  at  tho  weavnij: 
raft  uiidnnhte.lly  were  those  of 
wniiieii.  Chaldean' i;o--iii.  repeated  m 
lii-t(irv  relate-  that  Sardaiiiihulee-.  an 
ieiil  (ireek  kini;.  was  often  seen  m 
unman"-  t;arh  eardini,'  ptinile  wool 
fr.pin  whieh  hi-  wives  wrought  rtius  for 
tlinr  enverint;-  fnr  the  ].alaee.  ilomcr 
dinws  Helen  of  I'roy  settini;  the  tale 
nf  her  |.iM|.|<'-  war  in  the  wnnf  nl  her 
well,  and  al-n  tell-  with  \iri;il  of  ni>,'s 
lh:,t  were  laid  under  the  ihrnlie-  of 
Kini;-  nr  nimii  idiariot  hi--es      Aneieiit 

li;  ...I-.-.     \::  :'.:•.:  ^     A-::\\     ilia!     t..vSe     oeniilo 

niai'      thiir    ir\tilc    fahrir-    ';1ttdi<'s    of 
_,.,.l1  heaut\         'he  wniiiall  ill  ihc   L'"OV 

iirlcsv   of    Marlfiril   C:,r\<c\    Co. 


WHAI     IHi;    DKSUiNS    IN    Rl  (iS    MIAN 
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itIis  nt  SolciiiiiMi  >;iy.s:  "1  have  \v<iviii 
my  Iti'il  witli  cords;  1  liavi-  coviTcd  it 
willi  |iaiiiti'(l  tapestry  from  l'.i,'\iit." 
<  'Hf  Icanis  from  tin-  writiiij^'s  of  I'liiu 
of  till-  larm-  money  value  of  nij^s  in 
aiiiieni  lime-.  He  wrote  at  leiiu'tli  of 
I  a  \a>t  rnj;  ilisplayed  at  a  liainnnt  of 
I  I'loleiiiy  I'liiladelpliius.  tile  value  of 
(\liieli  was  ])laeei|  at  a  falmlou-  -nm 

\    later    writer   telK   of    tin-   ],i\c   of 

t  leoi.atra   for  rieli  rn.i,'s  and  tajiesiries 

that    were    woven    in    lier   palaee  or   in 

il:e  eoimiries  to  the  l%;ist.     (  )n  the  o,- 

'    --ions  of  her  meetinjj  with  (  lesar  and 

\:itony.  the   I'"i,'\  [itiai:  <|Ueen  envelojied 

herself  in  a  -)i|„t1>  ni^  whieli  >he  had 

\\o\tn    e^iieeially     for    the    ]nir]iose    of 

-howin^   her    renowned    lieanty    to    the 

l'<-t    advaiitaj,'e.      Akhar.    emperor    of 

llitidostan,  -pread  a  knowled;,'e  of  the 

It  of   ueavin^'  tliroii};hoiit   India. 

rile    earlier    Jihases    of    thi     an    of 

'.•raviiii,'    iiia\-    he    traced    llln.ll^ll    the 

''"li     ii!     tin-     I'haraohs    to     N'orthern 

\ini.i.  >ontlu\e>tern  Asia,  and  linally 

nio  'lie  dawn  of  the  .\ryan  eivilizatlon. 

I  In;    loom     has    not     heeii     iiiateriallv 

>  iiaiitred.  and  it  may  he  --reii  to-da\   a'? 

:i    was  in  the  time  when  the  prie'-t-  of 

lieliopcilis     deeorated     the     -lirliie^     nf 

their  i;ods  with  niatjnilieeni  earpets  and 

when  DeJil.ih  wove  the  hair  of  Samson 

with   her   well  and    fastened   it    with    a 

" ieii   pin.      The  aneieiit    weaver-  .li- 

laiiied  hiu'h  arli-lie  -laiidard-  in  their 
f.-dirie-.  I 'liny  ii-ll-  ..f  i '..ihvluiiian 
'  ueh  eover-  that  had  .ill  lli.  heant\  of 
|'.'iiitinj,'s  aiwl  soil!  for  i;reat  fortunes 
t'  the  aiuiitit  Asiatic  kinijs. 

In  all  a<,'es  line  riij;s  have  heeii  used 
for  nlii;ioii-  purposes.  l"arly  writint,'s 
'li-crihe  the  use  of  ni<;-  on  the  liolv 
car-  of  pil!,'rima>;e  to  Me.-, a.  at  llie 
toiiih  of  the  prophel  at  Mrdniah  aiicl 
ihrotiijhotit  the  ino-i|iir-  ni  the  <  >riiMit. 
rile  ahhot  I'.yelric  !,M\e  to  the  elmrch 
ii  Croyland.  hefore  the  vear  S<)_>,  two 
lar-^'e  rn,i:-  lo  h.-  laid  he'fore  the  hl::h 
.iltar  on  tjreat  festivals.  \t  later  pe- 
riods riiys  wiTe  u-ed  for  similar  pur- 
poses ill  the  catludrals  of  Southeni 
r.tirooe. 

The  Oriented   people  cM-r  lia\r  heoil 
rlr\.iie(I  to  -vmhols  and  natnrallv  '..ove 


Were  made  lo  lepnidiu'i-  nivlholo^jie.d 
stories  in  which  ihe  f.iuna  and  flora  of 
a  country  tif;ure<l  prominently.  There 
\\a'>  the  >ynil)oli-ni  of  foriii,  Cfilnr  and 
animal  life.  i,\  tier-  .iii-l  lli.wir-.  of 
faith,  .and  earthl\  and  luaunlv  e\i-t- 
ence.  The  symhoK  were  made  to  ilhi- 
irate  the  conflict  hetweeii  lii^jii  ,iii.i 
darkness.  llu'  e\ohition  of  li  fr.  the 
<lec:iy  of  death  ami  the  ininiortalil  \  ihat 
awaits  the  hles-ed   in  tiaradi-i- 

What  Do  the  Designs  in  Rugs  Mean  ,' 

.■"-iiice  iii.any  of  the  lii;iirc^  of  .imiriit 
nij;-wi-,t\  iiiL;  .an-  rct.ained  in  niodrin  niir 
di-sij;ns.  the  IdllMuiiiL;  h-l  nf  nir,iniin;< 
ol  ancient  l  >rieiital  s\nihol-  ii-ed  in 
nitj-weavini,'  may  he  intere-tiiii;  .a-  a 
ke\  to  ihe  -lorie-  th.il  ;ire  saiil  to  aji- 
pear  in  ni.anx    rut;-  of  (  irient.d  de-i<.'n  . 

\-|>      inlelhi,'enee        ."^ail   of   \e--rl     - 
I'.al — duration  lui-.ith 

I'.ev — ininiort,iht\  Wheel  deit\ 
r.eetle- -  eailhK  li  fe  l.nui  pmser 
l'.los>om      lifi-  \-^      hniiiilil\ 

l'oat---serene  spiril    l;iutt-rtl\      hrneii- 
r.nttertlv     soil 
(  re-crnl      celes- 

ti.d   viri^in 
(  riicodilc--iIeit\ 


r.a;.4li      crcalHMi 
I -.W— life 
1-eather — .ruth 
I  ioose--<.-liil(l 
l.izard — wisdom 
I 'aim  tree     ini- 
niortalitv 


cenci-  I  it  -nninier 
Jllj;      kill  i>.\  ledL;e 
<  Ix — patience 
I  lawk — power 
Lotus — the  snii 
I'ine-coiie      lire 
/ij^zaj;-    w.atei 
Leop.ird      fame 
Sword      fiirce 
Serpi'iit      de-iia 
Bird — s]iiril 
'  Iwh  -wl  doni 
I'ie      kiiiihu--. 


Such  .are  the  iraditinn-  tli.al  the 
ni.ikcr-  of  nio.lcni  nii;-  inu-l  live  up 
'".  Thr  art  of  the  ciiiturie-  li.a-  Kcia 
revealed  in  the  ru.L;-  i>f  mam  M;it;..iis,  \ 
ai!<l  the  ru.1.,  maker  of  to-dav  nuist  tip- 
hold  the  -t.ind.ird-  cif  ,111  art  that  iin- 
donliicllv  t.ike-  r.ink  vvilh  the  <.;nat 
art-.  Where  a  valn.ihle  p.aintint,'  ,i;ocs 
into  tile  hoiiu-  nf  one  iiiillioii.ain'.  tlioti- 


iraiii   iiiti)   their     .ajric 


heir  textiles      warmt 


e-ii;ii  ol    iin.iiu'-lii.iu  d   art   ,;nd   lie.aiitv 
K<)  into  hniiu-  ihe  coimtrv   M\,r  to  t,'ive 


comfort    and    beaulv.    Jelitilit- 


M(t\\    ol  U    (ilM\l>\\nli;i  kS    \\\l)l     U\i.i   CVkl'IIS 


iiij,'  tinu>c\\i\>.>  aii.i  imiiarliiii^  a   -v"-*.' 
of  i-i)ziins«  anil  ili-.u'aiuT. 

Aci-onlin^  to  >HiiKnts  of  tin-  art  oi 
wi'aviiiij.  t'li'  pcrfictiiMi  of  tlii>  art  \va< 
:ittaiiK(l  aliont  tlu-  sixici-iilli  iHiitnry, 
aftiT  main  tcntiirii-<  of  slow  i;ro\\tli. 
Siiu-i-  tlun  woaviui;  a-i  an  art  lia«  Ihvii 
liroaikiU'l  aii.l  tiivoii  a  widiT  si-o|.e 
l)v  in<.aii>  of  ]iroi-i-i«rs  invinlt'il  lor  a 
oiu'ainr  prodiu'tion  of  nii;s  in  all  the 
luaiUv  of  llu'ir  ori-^inal  (k-siu'n-,  I 'tit 
tlicru  al-o  lias  <U-vi'loiii'il  a  nio.liTn 
M-liool  of  rui;  aii.l  larjut  ilcsi;,'Mini:  that 


,.i  a  r^iWti'.-  ol  iirici^  wilhu'.  ihr  imaiuMl 
rtaih  of  |>ooplf  of  inoiU'st  mi'ati^. 

it  is  only  a  step  from  tin.-  an<iiiit 
wiavinj;  ol'  rii),'s,  with  all  the  color, 
•^•lanior  and  romance  that  attachi'il  to 
riii;-weavins,'  in  the  aneient  ilays.  to  the 
mamifaetiire  of  nii;s  iti  America  to-ilay. 

There  i->  no  romance  attacheil  to  tlie 
making;  of  ni,t;s  an>l  carpel-  in  VnuruM. 
excejit  the  romance  of  in.ln-iii.il 
achievement:    hut    the    American    rni; 

maker  is  as  careful  of  the  (|nalny  iH'l 
heanty     of     his    product    a^     wa-     the 


in  it-ti;  n]ire>enl-  no  mean  -t.indard 
of  art.  Many  ni  the  le-s  exiiensi\e 
tirades  of  American  rnj;-  and  eariKts. 
for  exam]ile,  are  of  designs  created  hy 
artists  of  tlii-  mo. km  -.liool  of  weav- 
in.i;  ilesiuMis  wh  'se  work  i-  ol  a  hii^h 
dc;;ree  of  artistic  excellence. 

.\  ijuarler  of  a  century  ai.;o  m.niy 
homes  had  rtli,'--  woven  hy  the  liun-e- 
\\ive>  with  tluir  -]iiimius,'-wheeK.  or  no 
floor  coverin.ys.  except  crude  cloths 
niaile  o."  raL;s.  The-e  honvs.  of  cour-e, 
were  tlio-e  of  families  in  moilerate  cir- 
c>nn-tances.  which  to  da\  can  have 
llieir  atlractive  ami  eoniiorl-j;i\  inji  rni;> 
of  ilu-  I.  ->  (Spen-ivi-  i;raile-  ol  tajie-try 
c;rpit.  \xmin^ler  or  of  tlie  various 
I     ,.-\..r    -I-.'!'-    "f    .:o-i..' 


mill. 


Inn. I 


ii'cieiU  weaver,  and  llie  liest  stauilards 
of  ancient  weavin;;  have  been  realized 
in  the  manufacture  of  rutjs  and  carpets 
in     \merica   to-day. 

Why  Did  the  Anncnts  Make  Rugs' 

It  i-  oidv  a  ru.L;.  M'veral  yards  of 
woven  thread-,  a  iksii^n  that  few  can 
nn.lcrstaud— a  simide  tiling,  to  he  sui^e: 
\et  what  a  lot  of  iii-lory  an.l  memories 
an.l  tradition-  't  larru-I  Mercl\  a 
stri]!  of  carjiel,  witii  -lraii.i:;e  li.^nre';. 
heauliful  tlion;;h  nieanin'^k--.  a  pvo.l 
net  of  modern  in-.eniior:  ■■'••  ■^■•■■■■■•■v 
another,  <ome  ma\-  think.  I'.ul  ihc  story 
of  a  ru.i,'  may  f;o  h.ick  ilirouyh  many 
..iilnrie-    to   .-nicicnt    tinu-s    of    opulent 


\Mi\   soMi:  1^1  (is  \k\   so  \  M.LAni.r: 


stili'iicliir,  ulmi  uai>  wire  \va;;i'(l  aiiil 
kmydoms  cn-atf.l  and  sliatiori'd  for  tlic 
luauty  of  a  woiiian:  wlini  (jortfcous 
palaces  Wire  rai-t'cl  ami  ureal  --iio-iai-lt-i 
Mt  art  wire  slluuii  id  iii>|iiri'  ilk-  world 
\'>r  tlinii^ands  of   \car>. 

'  Mil\  a  ni),'.  hut  a  relic  o;  a  rich  and 
i;  In  will!,'  |ia>l  !  l-'or  in  those  (H>tant  days 
111  war  .Mid  ]iai,'eantry.  an  iia  more 
il.i-~ic  than  our  own.  history  and  ro- 
mance were  woven  into  tiie  rni,'.  The 
|>atterns  an(|  lU-^iijiiN  IdM  t;reai  >tories 
ol  war-  and  loves  thai  swept  nations 
awav  and  creale<i  -.'real  llew  eni|iinN 
and  related  \i\id  accounts  of  intri.i,'ne 
and  lra;;ei|y  that  rKlennitleil  history 
and  ni-pired  tlu'  immortal  wi>rl\^  of 
poets  and  dramatists,  '{'he  nij,'  in  tlii- 
ancient  liinrs  was  al-o  used  for  re- 
liLjHiii-.  -\nil.olism.  and  sai-red  doctrines 
were  in-erihed  m  tin-  wovtn  ti;^nres. 

<  M'  all  the  arts  none  ha-  heeii  a-  clo-e 
111  the  li\es  and  hisiorv  of  the  |ieopli-s 
111  the  raiili  as  the  art  of  weavin'^' 
"-iin^s  and  siuries  of  the^e  peoples  and 
lliiir  national  achievements  have  heeii 
nninotlali/ed  thronyh  their  wo\en  fah- 
nr--,  I  lenerations  have  learned  of  the 
f;reat  deeds  of  iheir  forefathers 
ihnmyli  llu  hisidriral  accoinil--  uo\fn 
into  nijjs.     And  in  the  da\  s  of  (he  earlv 


'  ■!  1 1  .X  ■.  i  u  ;•!  I  v^  s  and  i  .y_\  pli,.iis  and  oil 
Ihronnh  the  succeediiifj  centuries  ttntil 
the  middle  :im>  \hv  ruj;  was  n-ed  .1-  a 
■■vinliolical  part  of  statu,  reliyi  Jiis  and 
romantic  ceremonies. 

What  Makes  Some  Rugs  so  Valuable? 

The  reason  many  riij^s  are  \..  rd  at 
-o  h!;;h  a  jirice  in  money  i>  lar>,'ely  due 
to  the  skill  of  the  artist  or  designer, 
just  as  a  I'aintiiii;  Incomes  v.alnahle  he- 
cause  the  arti->i  who  iiainted  it  has 
succeeded  in  prodiicinj,'  a  remarkahle 
result.  jhe  (|iiestion  of  variety  also 
enters  l.iriiely  into  the  value  of  ni),'s. 
rile  t;re;it  artist  we.ivers  of  the  p.ist 
who  worked  I'or  love  of  their  art  rather 
th.ni  for  the  money  they  mij,'lit  secure 
hy  (lis]>ovini,'  of  'heir  master|iitces,  are 
de.ad,  and  they  have  hacl  no  successors. 
I'heii.  also,  the  nt.i;  hecomes  valuahlc 
1p\-  reason  of  the  amount  of  time  and 
lalior  put  into  it.  .Many  valu.ihle  nit;s 
t.d<e  yea  10  |)roduce.  hec.uise  the  .artist 
must  do  all  his  work  h\  h.ind  pr.ic- 
tically  ;md  tie  his  dilVerenl  riili.red 
yarns  tojjether  just  so.  or  the  ji.ittern 
will  not  eoine  rii,dit.  These  knots  ni.iy 
occur  every  inch  or  sometimes  e\en 
K^-  lh;in  ;m  inch,  .md  iliere  will  be 
ihons.inds  of  h.ind  knots  lU  uiK  I'uv. 
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Itll. 


THF  OLDFR  THFV  ARE  THE  MORE  MIGHLN    I'RI/l  I) 


Tiu'  ;ihnvc  i<  a  tvpii;il  CliilU'i'  riiR.  cutitaiiiinn  syiiili.ilical  cmlilftns. 
Tlii-  is  ail  aiiliiiiic  and  i>  "l   a  class  that  sill',  s. .mftimi-s  as  liiuli  as  $;.ih)ii.   ii-  r.iniy 
of  cJl^iBll,  biauty  in  culurs,  ami  scarcity  tnlianco  il>  value. 


■j  ,„,  ,.  .,„  \„HiH-;i:i  m.uliitu-madi-  iiitirpnlaliun  ..1  a  Chinese  ruu.  TIk-  crnnn.l  is  a 
ri.li  K'M  coicrinK.  tlu-  wnv~  U-wn  in  .•.rr..  dark  l.l.ir.  terra  ctta  and  liplit  M.i.-  It  is 
,  I,  ....,.■,,)   r,:^    :,,i.!  ..Ill-  of  iIiL   ]'ii.i-t  LXaini'les  of  Inoiii-tuftol  ^cods  ever  i'r.i(l;iceU. 


Wlllkl.    IMi;   IJKST    I'LKSIA.N    RLUS   Mil    M  \DI: 


U 


1  -  riii.nir  IVrMan  »a»  mailf  iti  ili>-  .!i>lriit  ..i  Kiinlistaii.  in  WeMrrn  !Vrsi,i  |  !,,  KrfiiT;i!  «if«»t 
.-  .,.,....  MI.,  .iltlhiuith  the  .IrmiiM  is  cru.k.  i  btr  Kr»mn.i  la  u(  a  deep  rich  re.I.  uii.l  tn|i  imI.hs  .-t  -lark 
lihu-   ;ii>>l    rtrii. 

Tilt-  in.'M  vattiaMr  rer-.iaii  ruKS  cnme  frmn  KtirtiiMati.  Khurasan.  lVr;iKh:in  an<I  Karniaii.  The  mn^t 
hiKiily  |.n/ii|  f..iiif  from  Kur.li*tat».  Thp  i.a!tern  -lor!*  n.it  >h-.w  a  unifurni  ttmun.t  "f  tl"urr*  .ir  Miher 
•  'h?t'i!».  tint  I...>k>  WTv  like  a  lieM  nf  wil.f  (lowers  itt  tlie  si'ririK.  wliuh  i>  vi  ry  ai.iTni.riate  as  a  ileHian 
I'T  anything  ili.ii  is  t.-  In-  walkeil  ii|i..n.  ]|  is  ast.uiishinK  wfiat  \i.iiiilcrful  artistir  al-i!ity  is  (IiH(.la>e.t  hy 
M'TIH*  1. 1  the  nientlH-rs  of  thi-sc  \\x\i\  iiMniailn*  iVrsian  prmilf.  Tlir  carjiets  ar.'j  rngs  are  woviti  .^ii  a 
-■miple  frame  mi  whith  ihe  warji  is  sinlihe'l.  The  v,.>ot.  or  rns^  thrra<i!t,  cnsist  (.f  sh-'ri  threads 
«.i\eii  int.t  the  war|i  willi  the  t;iiKrrs  a..il  uith>>ut  the  usr  -.f  a  shuttle.  Then  a  snrt  of  »-.»nih  is  i>re!t<>ifi) 
.iifainsi  the  h.-t?.e  rnw  df  cr.i*.-*  threa<U  to  IiKhlen  it.  Thr  wcavrr  stts  with  the  *•!•  k  ■■•  "••  r-ic  *  -'A-ir'S 
htm.   ?<i   that    he   dei>rihhi   entirely     'ii    his   memory    tn   produce   a    [u-rfefi    palt' m, 
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an.l   .|0MK;:"ar;  ;;',.r';iucori„  '.^^/.lome^r'ru^""'"''"-     "  '=  «>"v.ilou.  haw  «cli  the  c.Tect  ,n  colort 


h,v       MOW    \\l.    IMITAll.    I'Ol'l  l.\l^    l)l>l(iNS    I'A     MXCMINLRN 


li,..    1  .1,11/   nii'.liMpn   IK,-  all  tlu   cll;^ractt•ri-tic^.  of  tin-  u'-miiiu    lun  m  U'lli  ili^iKii 
and  coliir.     Tlu-  gr..iin<l  ts  »l  a  si.ft  r<iM   with  lii;iir< -.  .■livi-^.  i\i.ry  and  tliip  l>lm-. 


■11.1^  IS  a  com  ..I  ,,11  ..1,1  ,,u>i-  ..1  a  rii.u  n  ilu>  kuiMii«l..n  Mu.aiiu,  l.-n.l-n.  uliich  is 
i;nn  t"  i^r,  years  I.M.  The  dfiign  is  very  inlcrcstins  on  account  of  the  symbolical  hgurcs 
\vhicl!  co-er  'hi-  ground. 


HOW     MODI.KN    CAkPLTS   Mil.   ^\\l)V. 


W0Oi.-l-n.hi.So    M.«.lli.\t. 


The   Making  of  Carpets 


How    Are    Mndfiii    Rug-s    and    Curpets 

Made? 

Tlif  lir-t  \\a\  111  Irani  III  tlii-  is  lor 
11^  to  laki'  a  liriif  \  i^it  tn  "mk-  of  llio 
lars^i'st  tar|irl  factories,  wtuTi'  wo  wiH 
a^-miu'  we  li.ivf  alrcaily  arrivt'il. 

riuri'  is  a  sli.ir]i  wliiNilo.  tlu'ii  an  ont- 
!rt  (ii  ^tia!ii,  till'  claiii,'  of  a  Itcll  anil  a 
liK(iniiiti\i  icills  around  the  curve  of 
ilif  -I'll  r.ul.  into  tlu'  factory  yanl. 
AttacI,  u  111  it  are  several  freight  ears 
that  I'lilv  the  (lay  heforo  reeciveil  their 
cari;(i'  -  at  the  Xcw  York  docks  fresh 
fnini  -te.ini-hips  coniinj;  from  foreii,'n 
land-.  Iii-i'le  the  yard,  the  entjine 
cniiu's  In  ,1  -tiiii  aloiitjsidc  a  warehouse. 
.'•^turcU-  nun  niilinl,  ihc  dnnrs  of  tlie 
cars  and  JKi^in  iiulliiiL;  'int  hales  of  the 

This  is  the  first  step  in  the  cvnlnlion 
of  a  ni^'.  r.itwren  the  arrival  ni  the 
rongh   wool   at  the   warehouse  and   the 


placing;  in  the  slock  room  of  the  fini^hrfl 
rn;,',  splendidly  wo\en  after  an  arli-  c 
desijjn  shown  in  attractive  colors,  many 
ii.lerestin!.;  i)rocesses  arc  followed.  It 
is  snt'tieieiil  to  slate  that  few  people 
lonkinLj  at  rugs  of  the  Sa.\ony.  or  \x- 
tninster  or  Taivstry  ty|ie  reali/e  th<- 
hi<,'h  dejfreo  of  mcch;»nical  science  .uid 
artistic  iHTCc-pfioi  that  ha\e  heen 
hroiijjht  to  hear  in  the  iii.inufactnre  of 
lilesi.  rufjs. 

.\lter  the  arriv.d  of  the  wool  there 
are  many  steps  to  he  taken  nntil  the 
skeins  of  yarn  reeei\e  their  coloring 
treatment  in  the  dyediouse  and,  at  the 
hiddini:  of  the  great  m.ichine.  assemhle 
theni-elves  in  the  heatitiful  designs  that 
the  artists  have  created.  TlK)ngh  there 
::;■  :::.:::".    'ivia'i.   ■'■'    worK   in   TIA    'iC\Ci- 

iipnient  of  ,.  nig.  they  have  heen  so 
well  mastered  that  the  emploves  in 
chargi'  of  e\erv  stage  of  the  rug's  evo- 
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flow    nil    N  xkN  lok  cxki'i  IS  is  dm  d 


lulur.i  ;;Uf  t"  IIk  ir  \MirK  a  iiih-In  "i 
;ittiiili<>n  ill  litilc  tmii-  that  carflul  train- 
ing aii<l  siiintilk-  umliT'^taiKliii^:  almu- 
can  supi'ly. 

riic  ira\il-*taiiu'il  cuvcrs  of  tin-  liaU'< 
r.rc  ri-iimv»il.  Ilii-  liiavy  Imlk  i-  lirnUrii 
ami  till-  lii;liily-c<iniiiri>xi'<l  halis  h»» 
iiu-.i.  Ttiiii  thf  wool  i>  fill  into  tlio 
wasliiiiK'-inailiiiu-.  and  after  that  jjocs 
into  till-  iiiLkiiiK-mailiiiu-.  Thi  priKC-s 
of  ckansinj;  tin-  wool  is  an  olahoratc 
oiif.  for  it  i>  so  full  of  ilirt  aivl  j^n-aso 
tliat  several  waters  ami  several  opera- 
lions  arc  iHve>sary  to  its  liiial  ajipear- 
ance  in  a  white  and  tleeoy  condition. 
\fler  the  last  washim;  the  wool  i-.  lifted 
to  a  dr\  iiV4-rooiii.  where  the  heat  Iruin 
-team-coil-  i-  forced  llirmmli  it  In 
Hicans  of  lilouer- 

riie  wool  nov\  |ia-ses  to  ihc  -oriinj,'- 
riH.ni,  where  tjie  hleiids  are  carefully 
niaile  hefore  it  K'"'^  <"  'l^^"  "i.'ii'i"'*" 
which  tear-  the  wool  tilur-  apart,  ancl 
>;et-  tluni  in  -hape  for  the  cardini;  and 
coinhinu  iiroce--e-.  Next  the  wool  i- 
hlown  into  a  -pinning  mill.  The  won! 
is  now  readv  to  he  converted  into  yarn 
It  passe-  thron.i;h  a  I'ickiiijr-machiiie. 
which  hlcnd-  the  ditlVrent  urade-  of 
the  raw  material,  -electing  the  -trands 
as  to  liher  and  color  Theii  it  i-  ri-l'iiied 
and   purit'ied. 


Tiraa 


.l.iii. .  llu  \\uu\  1.  l.il.ui  III  the  tloor 
alH)ve,  where  the  hin  spools  of  yarn 
riacli  the  conihiiiK  machine  for  the  next 
prm-ess.  This  machine  sepanite-  the 
loii(;  from  the  short  lihers.  The  -iraii.l- 
cd  wool  are  -till  thick  and  mii-t  yo 
lhront;li  another  )>rocess  hefore  they  are 
really  to  he  made  into  yarn.  fhe)  are 
tinaliy  united  and  |,'iven  surticieilt 
strength  to  >tand  the  weaving  proce— 
.\s  the  visitor  sees  the  -trands  of  \arn 
lirst  .tpjiear  on  the  machine  they  re- 
-einhle  rolls  of  -moke. 

The  yarn  next  ,ip|>ears  on   rows  of 
-pitulle-    in    ihe    miilcroom.    -is    huti 


II 

i'r.r   V 

.-urc. 
i-  ca 

in  t 


(■\Rll|\i.       M  M  IIINK 

irnnrrh  tnhc-  t!ie  wool  i-  fnrceil  to 
ai 'iiiiu-rooni  iiv  nic.'iii-  of  an  prvr- 
In  passing  throunh  the  cards  it 
refnlly  wei.t;he>l  to  secure  evenness 
le  yarn.     I  .tavint;  the  carding  nv 


l«^^|^^.     rin 


•  ircd  leet  lon.t;.  ulure  tlie  >arii  i.s 
iwi-ted  and  hrouyht  to  it-  tinal  staije. 
llu-  \ani  now  is  reaily  for  the  dye- 
hnjM-  I  K n-  the  atmosphere  is  very 
deii-e.  I  louds  of  -team  ri-e  from  the 
in;mv  vats  of  hoilini;  dye-.  Ihi  \arn 
ri  ceives  the  coloring,'  for  which  it  is  in- 
lindeil.  or  i-  hleacheil  in  an  ailjoinini: 
.lipannunt.  and  then  is  transferreil  on 
|.ole-  to  the  dr\in.i,'-rooni,  after  pa-siii}; 
tliroui;!!  .1  -teaniinj,'  i>r«K-ess  which  sets 
liie  color.  Xexl  it  passes  on  ail  electric 
convevor   to   the    we.ive-sho]). 

('onsii'irahU'  -kill  i-  reijuired  in  tlu 

ueaviiifi   process.      The   a-semlilin^,'   of 

the  varn-  an<l  matching;  of  color-  re- 

(|unc  ixinrt  .ittention.     The  skein-  of 

■  ::;   [iVi.    \\;vu"d   on   spook,   vviiich   arc 

in    sets   back   of   the   looms,   each 


put 

color  or  '  "t   reprr^riitnii; 

■  it    (I. lor   in    ihi     VAiJ,       !'•' 


oiu'  "frame" 
the-    I'aiiiiiii- 
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,11-7  ^''  ■'-  =T  --S"  I.  5  = 
^ ^  "  =  "5.-  '  -  S.r-'  ~Z  -  — 


SOMI:    Dl.SHiNj;   STAMIMJ)   ON    N  ARN    RnrORII   \VRA\  iN(i     IT.", 


Ta"(|n;iV'l    nintion   of   iTinl-   i';k1i    >nl  ;v  ilu    ir.|i-i;ni-~.     Tlir  ni.N  nrv  finished, 

waiiltil    ill    till-   --un'in-i'   III'   ill''    niL;    i-  Mni  ili'-  'Mrpn   i^  roiiii.K-ti'. 

piilli-<i  u\>  in  II-  ;inip(.-i   plarv,  llu-  uilur  llu     |Mllrni    ..f    ii|.t~lry    carjict    is 

frailK'  i-nlcir   l.-ivinj,'  in    llir   li:i'k    ni   tin-  I'l'l.niuil   l'>    ]>rnmir;    llu.'   ci'Inix   lo  ap- 

nii,'.     'I'lic  niri-li.ntir,il   |irijii--   i-  ,i   rr-  ]ri.ii'  in   '.lir  •lr-ii;n   oil   iIk'   _\ani    wiiich 

ni;irkal>K    -i-lii,       \~  ilir   n.iihrn    I'Mrni-.  -i  rni-   il.c    i.u't.'  before  tlie   wcaMiiu'   is 

il>iell'   I'roiii  ilu'  iinrlianiL-al  .|i.\  ii  e-.  llif  --l.irir.l,  li\  iniinis  of  lafL'o  ilnini-.    Xfler 

on'onkcr  i-  -liau'iv  uitli  llu    wuii'ler  u\  a!i    ni,;-    lia\r   llir    \\r.ivr-.-!ii.|'    i    lorcc 

jl  111'    -kill. I    wunun    cxaimnr   tluni   caro- 

'1  lie  wt'avr  is  iinw  i-iini]ik  U'l;  lliv  rill,'  liilK    lo   inakr    -Mr.     llial    lliefe   are    nn 

eoiiies  ulU.      r.iit   il   i~  roil',;li  aipl   lia-  lo  iK'ril-.     I,\er\   \  an!  '  i|   the  annual  out - 

he  tiiii-lieil.     It  i-  i'a-~ei|  lliroUL;!!  a  nia-  -.nl  of  larjul  ami  nii;-  i-  in-]ieeleil  live 

eliiiK     tliat    reinoxe-    the    la  ini^hiie---    of  time-  lalma    it   kavi.-  llie   laelnry. 
the    \,\^\-   a-    a    la\Mi-ino\\  u'   lail-   a\va\ 


1  X  VM  I,\1M 


Wliy  Do  I  Yawn? 

Wlnii  Mill  xawn  vou  'In  -o  hii-an-e 
'  .  n  ha\  e  noi  heeii  hrealhinu  i|nile  |.roii- 
er!\  ami  for  --oiiie  rea-oii  or  oilu  r  \"iir 
M'l'o'l  -np]'K  ha-  iml  heeli  ■•eltin-  -nfli- 
.aeiit  'iw-i'ii  throniih  the  air  wlmh  has 
heeti  taken  into  Mnir  lnn-<.  Xatnre'.s 
wav.  in  ihi-  in-tanee,  i-  to  eall  lor  a  hic; 
intaki'  of  air  all  at  one  titne.  aii'l  <incc 
it  i-  inii'orlant  a.t  -ii.h  ilnie<  that  a 
larije  i|iiantitv  of  air  -lionM  he  ^uiiiilidl 
to  tlu'  luiii,'s  at  (^iiee.  nature  has  so 
arranm''!  matters  that  eertain  nu;-eles 
shall  eall-''  \'ni  to  npt  ii  \oiir  nionth 
wi'Ie  •Mi'l  take  '  -  as  nuieh  air  as 
\oii  laai  at  one  time,  am!  al-o  has 
arrant' I  -o  tlint  it  is  rilinost  im- 
]io--ihK'  to  keep  t'ron  yawnini,'  when 
the  'letiiaail  for  it  is  once  niaile..  'l"ho 
yawn  is  eontrollei  ny  a  p-ift  '  or.r 
iierve  '-tnietnre  which  looks  '/  ihc 
hreathini;  ajiparatus. 


Ill'-  -atisfaciion  wo  ("''el  after  a 
uhdli'-nmc  yaun  is  ilue  to  the  fact  :hat 
liaxaiL;  repliel  to  n'ltnre'-  ileiiiaiul  tliat 
we  hniiL;  in  more  air,  our  hloocl  sectires 
the  o-N\_:en  which  it  necl-  aii'l  we  feel 
the  elfiet  .if  helter  lilooil  in  uar  arter- 
ies at  onec. 

\  ,ieenliar  thitit;  about  the  iirocesf.  of 
yawnitii,'  is  that  one  person  in  a  room 
yawiiiiiL,'  will  ijllite  likelv  -et  all  or 
.  .arU  all  the  others  to  yawinii'j  also. 
'I  here  Seems  to  he  no  expkiii.iti'in  of 
this  cxceptitiR  that  when  a  nninhor  of 
people  .'ire  in  one  room  anil  one  of  thetn 
hei^ins  'o  \.'iwn.  tl  e  othi-rs  'lo  -'\  not 
because  tbev  per'-eiv  tlu  tir-t  \,i\mi  so 
n'lich  as  the  ]friili,iMi'  f.u't  tli.il  the  .lir 
in  till  rooni  ha-  heeoine  -o  poor  tliat 
thcie  is  not  enonL.'h  'jm  .1  ,iir  for  all 
the  people  in  it.  hrr.it!iin<.:  nortiially, 
•Tvl  ninnv  of  them  are  foiveJ  to  yawn 
at  about  tlic  same  time. 
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WHEN    MAN    ni.CiW     VO    l.l\l. 


Where  Do  Living  Things  Come  From? 

Tin—  i^  a  I'Il;  ^ii1i|iti.  luit  ,t  \rr\  in- 
1rri--ti:]L;  <iiu  lu  iiibliT--lMii>i  it  liilly 
w  r  lini-l  ln'i;in  at  till'  MT)  l)<.->jimilll^' 
ui   till-  ucirld. 

(inil  iiKuli-  tir>t  111'  ail  till'  rdtks.  tin.- 
indiinlani-.  tin-  Miii.  llii-  iiumih,  tlu' 
'tar-,  tin-  -Mil.  anil  ]aii  the  \v;itor  in  tin- 
1.  ki -.  iivir>  ami  tui-aiis.  Tliis  took  a 
Iniii,'  tiitu'.  imt  tlu-\'  haii  to  he  tluTv 
lutipri'  ti'''  li\iiit:  thins,'-  runM  hrs^in 
1.    \>v 

Wliat   's  Inorganic   Matter' 

rill-  tliiii},'  \vi-  h.ivi'  -]Hikcn  Ml'  i- 
.alli'il  iiiortiaii'.'  matter  uliii'h  iiumii- 
"withoiit  life."  atiil  (.•vcrylhinL;  in  thr 
wurlil  whii-h  li;i-  no  lite  i-  calK'.l  iiKir- 
('aiiir  matter  Tlu-c  liiiiii;-  fJM  nm  ijic. 
aiiij  for  that  rra-oii  lio  not  have  to  he 
r(.)ilaeei|  The  form  and  .•ijipeanmee  of 
iiiory.mio  matter  and  il-  loeation  is 
otten  ch.ani^ed  h\  man  nr  oilur  eaii-e-;, 
i'lit  even  wlien  m;in  hnrn-  the  oo;il 
\'  liiili  he  ha-  <!iii;  np  out  of  tlu'  sj-oiind 
in  the  tnrn;iee,  no  ii.art  of  it  i-  de- 
-tro\ed.  Some  of  it  is  Inrned  into 
smoke  an<l  i^.i-  ;ind  some  of  il  i-  tnrneii 
into  ashe-.  while  ever;,  other  partiele 
which  went  to  make  ii|)  the  coal  orifi- 
r.dly  is  -till  in  exisleiue.  It  remain-  a- 
iiiori;anie  m;itter  in  sdme  form  up  i.ther 

Where  Did  Life  Begin  on  Earth  ! 

\fler  the  inor^ame  tlniii;-  had  heen 
made  .ind  the  eartii  was  r.:id\  lor  life, 
the  liilTereiii  kiini-  of  li\int;  thini;- 
wiiicli  we  :iiid  on  tile  eartli  heu.an  to 
e\i-t.  I  he-e  are  called  ori,'anie  ohject-, 
which  me;ins  ohjects  "witli  life"  The 
I'lr-t  liviiii,'  thiiiu'-  to  .-iiiiiear  were  the 
hii-hes,  the  ^ra--.  the  i,'arden  w^v- 
tallies,  the  flower-,  tree-,  and  all  llir 
kind-  of  life  which  we  ordin.anlx  think 
I'i  a-  i;rowinc  thini:- 

This  divi-ioii  of  li\in^  ihiiv-r-  make- 
nji  what  we  call  the  vet;etalile  kiniidom. 
and  in  a  'jr<''H'r;d  wav  nt  classing  it  i-^ 
tie  kind  of  life  which  cannot  move 
ahont  frfim  olace  to  jilace  and  which 
has  not  a  sense  of  feeling,  nr  an\  of  the 
other  senses,  sceiiifj,  hearintj.  ta-tiiiu'  or 

.sniellintr 

\ftir  tlii-  divi-ioii  of  life  had  liccii 
estahhshed    the    world     ua-    read\     for 


tile  otlii'r  ,:nd  more  mi|iorlatil  form  oi 
life  the  ti-he-.  tlu'  hinU.  cats,  doi^'s, 
lior-e-.  low-.  with  nther-  that  we  call 
dome-tie  animal-,  and  .d-o  tlie  Imn-. 
liU'er-.  ele|ih;mt-  ,md  other-  which  con- 
-lilnli'  the  division  of  wild  aniin.il-. 

This  kind  of  life  w.is  jjivcti  sonu'  or 
.dl  of  the  t'lve  senses,  hut  not  all  classes 
ol  .anim.al  life  iiusse—  all  du'-e  senses, 
.^ome  of  the  lower  form-  of  :minial  life, 
I  ke  the  ii\-ier-,  id.nn-.  in  the  li-h  f.mi- 
il\.  ciimoi  -ee,  lie.ir,  -null  or  ta-te 
I  liev  call  onl\  feel;  others  .are  ahle  to 
'lo  more  of  the-e  things,  and  main 
li.i\e  all   of   the   li\e   -eiises. 

When  Did  Man  Begin  to  Live? 

Man  w.,-  titil  cre.ited  until  all  thi- 
o'dier  Inni;:  tliiiiL'-  "ii  earth  li.ad  heen 
-larled.  aiiil  he  wa-  i,-i\en  additional 
|.M\M-r-  -o  tli.tt  he  niii;ht  hecoine  tile 
rnler  of  all  the  other  li\  iiii:  tliin.i;-.  prin- 
cili.ally  hecin-e  he  wa-  t;iveii  ;i  hnihi 
with  power  to  think,  rci-mi  and  orii;i- 
rale 

Why  Mnst  Lite  Be  Reproduced? 

Life  nin-t  he  reproduced  hecatise 
hviiiij  thin^js  die  i'lie'.-  ha\e  power  to 
h\c  onl\  lor  .1  certain  length  of  iiiiir 
rile  olher  life  in  the  world  i-  li-ed 
to  provide  fond  f"r  man,  .ind  if  there 
were  no  wa\  nf  reprodiicint,'  life  it 
wonM  iiiit  he  loni;  hefore  man  h.ad 
eaten  ,dl  the  \et;etal)les  and  the  anin.ds 
Ion.  and  wonld  himself  then  starve  to 
de.-.th 

To  .avoid  -lull  a  calamitx  Ih>.|  pnt 
into  eai'h  liviiii;  thiiii:,  hoth  >e;,'et,ahle- 
.ind  .animal-,  a  power  to  ean-e  other 
tliiiiL;-  of  the  s.-mie  kind  a-  iNilf  lo 
urow  'I'lii-  •■  i-alled  the  power  nf  re- 
prndiu  lion.  With  this  power  I'ach  kind 
ni  l:\ini;  thiny;  e.an  hrintj  other  speci- 
mens of  the  -line  kiml  into  tlu'  wnrM 
and  each  kind  of  liviiii:  thin;,'  c,in  Ao 
llii-  without  .aid  from  ,iii\  other  kind 
of  life. 

riu>  iree-..  ihe  tinwcr-.  ,aiid  other 
kind-  of  vef;elahK'  life  wrmld  reproduce 
themselves  withmil  the  aid  of  ni.in.  as 
woithl  al-n  the  fishes  .and  other  kinds 
of  .animal  life,  Man.  however,  jii-l  to 
have  thintjs  convi'iiientK-  at  h;md,  it-es 
hi-   jHHver  over  otii       hfe  to  cause  his 
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ir-) 


\  ij^c'l.ilili'-  In  <4rii\\  r.<'.ir  A'uir  lir  li\i--. 
.-illil  l^<.i-|i  llu-  ,1111111,11-  wliull  111-  wi-lir- 
li]  u--r  .1-  li"»l  ill  -■irir  |i!;i.'r  wlurr  lie 
■  Inc-n't  li:u>  {!■  luiiil  h  ir  iluiii  -wrv 
lllllr  111'  w  ;-llrs  lllr.ll  !■  if  In-  l,ll  ilr  I  111-  . 
I'ipWt'ViT.  lie  il(n.->  (>ill\  \Mlii  llu-  .iiiinial- 
wliu'll  llf  \'.:i>  liiillu'-tiiMtvcl  Ml  !:iiiiri'. 
\\  Inn  In-  •,\;int>  iikmI  from  llic  :iiiini,il- 
\'.  iiuli  ,irc  -111!  v\ilil  lie  iiiil-t  liiiiit  Inr 
lluni   ,i>   he   ii-i-i|   1(1  (1(1. 

I  ,.U'll      kllhl     cif      lit'i-     '.'•    -      llu'      ]ill\\cT, 

lii'\\r\ir,  iM  rc|iniiiiK'i'  ■•il'  ii-  nwii 
kiiui.  Il  \iin  |il,int  ri  |.^.nli  -miu'  \ii\i 
will  -dciiur  111  l.ili  r  li,i\(.'  a  |ir,!ili  Irco 
wliu'll  will  lirar  |,r:i.lic-,  ;(iii|  tlic-i.' 
]n,!i-lic-  irmii  llu-  \iiii;il;  Irn  will  luuk 
,;llil    la-tr    jll-t    llki'    llu-    ]  ic-,u-|l    w  llii-r   ]ill 

iir  -tMiu-  Mill  iilanlfil.  I'lk-rr  in.i\  Ik- 
iillu-r  kiiul-  ii\  frnil  r-i-c--  all  .ilmiii. 
.Hill  ,-iI-ii  trrr-  wliu-1:  iln  imi  ln-ar  fruit 
Ml  1  if  llu-  trn--  -i-i-un-  llu-  tun  I  ii|ii  m 
wliuli  llu-\  li\i-  .iiul  L;riiw-  fniiii  tlu- 
-,''iiu-  -nil.  I.\rn  tin-  iir.i--  uiulrr  \uur 
|n-,-u-li  tri-i-  t-al-  tlu-  -,iiiu-  tliiiiL;-  a-  MHir 
iH-.uli  irrc,  lull  it  rriii;iiii-.  always  tnu- 
lliat  tlniiL;^  in  llu-  \i-<;i-lal)lc  kiiiijiliiiii 
will  yriiw  milv  tn  Ik-  like-  llu-  iliiiiL;  frmn 
wliii'li  it  j-.inK-. 

Have  Ph.nts  Fathers  and  Mothers? 

llu-  ktili-  irns  Mrow  u;i  In  In- 
rv.-n-i!\  liKr  ila^ir  f.-itju-r-  aril  iiinllur- 
I  for  tlK-\  lia\(-  f,-itlu.-i--  ,-mi|  mntlu-r-i. 
\liii-|l  i>  -onii'lliini,^  all  living  tliiiii;- 
nuivt  li.iM-.  Tlu -r  art-  lui;  tin-  -amo 
kiiul  of  f.itlu-r-.  nr  ninilu-r-  ntlu-r.  that 
.-  lin\-  nr  l;ii-|  Ii.i-.  lA.u'lK.  Imt  tlu-\  ari- 
li.-in-iit-  iu-t  llu-  -aiiu-  Sn  i.-ir  a-  llu- 
iM'i-.  llnw  I  I  -  aiul  iil.iiit-  .-in-  (  1  iiu-rr'n-l 
-.',»  i-ill  till-  |iari-iii-  t.illu-r  aiul  nmllu'r 
riJitiiri -.  w  liiili  1-  .1  UTin  iim-iI  mcrclv 
t.i  k- r]i  M  ;  fini'i  rniifn-iiiL;  \A-i,'i-lal)U' 
lif(  f.iilu-rN  .nul  iiintlu-r-  wmIi  llu'  roj,'ii- 
l;-r  kin.k 

111  llu-  \i-m-taliK-  kniLjiloni  •,  ai  raiiiuil 
,ilwa\s  -(■(•  tlu-M'  fatlu-'-  nul  nmllu-r 
iia.  iri-s.  \\liicli  i-naliK-  t  -in  tn  i.  inn 
ilr,i-r  tlu-ir  kiiiil  n|  liir.  .-M  <-\c-r\  lliiiiL' 
i'l  tin-  \  r'.^a-l.-ilili-  aiul  ;il-n  ii,  llu-  .iiiiin.il 
kili!.;i|iiiii    lia-   tlu-ni 

How  Do  Phmts  Reprodiu  e  Life  ' 

In  ill.-  --iiriM'.,'  w<  |iiit  -ir'  ill'  -  tlu- 
o  .iiinii  .nul  latrr  oi.  iil.inl-  L;rnw  up 
\\lu-n      llu-    -.ct-i!-     wa-rt-     plamril,    aiul 


l.'Ii-r  llu-  llnwir-  conic.  The  ^ceil- 
I  nnt.-iin  llu-  l).ili\  iiknit-.  wliii'li  c-oiik- 
tn  liti-.  .nul  afti-r  liiir-iiiiL;  llu-  cnviTiiii; 
nl  llu-  -rril.  nninlil  ,nul  ,i;iow  up  into 
I  l.iiit-  II  pi-  -Til  111  till-  i^roiiiul.  wlu-n- 
ilu-\  ran  nlil.iiii  tlu-  ]irnpi-r  .-ininunt  m 
■.  ariiilli  .11-1  .iiMi-liii-i-  In  l;;'.t  tlu-r.i  a 
-l.irt 

Why  Do  Plants  Have   Seeds? 

In  i^.-l  at  llli-  -llliirrt  ill  tlu-  In--t 
in.-nnu-r  wi-  inu-1  -tuiU  lir-1  Imw'  pk'mls 
pniih  -<-  -n-il-  .-nul  wli.it  li.ipprn-,  llu- 
I  nu  i-r  111  a  pi. nil  In  niakr  .-ninilu-r  pkiiil 
likr  It  ;^'niw-  fiiiiu-  Irniu  llu-  tinwa-r. 
I  ^nliii.-iriK    wr   tliiiik   ot    llu-   tlnwrr-   a- 

l"-.-lUllflll     in     Innk    at     alul     i  Irlli^lll  f  111     In 

■null,  lint  tin-  llnwi-i--  iln  lint  ijrow  for 
llu-  nurr  |iin-pn-t-  nl  1h-iiil;  ln-.-mliful. 
kill  .'irr  inr  a  iiinn-  ii-rful  pur- 
pn-r  1(1  iU-vi.-lnp  .-|  -ml  wliu-li.  wlu-n 
I  l.nitnl,  will  prmlui-i-  .-innilu'r  plant, 
llu-  niailiiiK-r\  inr  prnihu-inL;  a  prr- 
u-it  -ri-i|  i-  in  tin-  tlnwi-r  nr  lilo- 
-iiiii.  l-,\-(-r\  tlnwi-r  li,-i-  .-[  ilcl'iuitr 
plan  nl  i-iiii-irui-liiiii,  I'lu-  K-,-i\-r-  aiul 
inli  ir-  \.ir\ .  liut  llu-  pl.ni  fur  a  pi-r 
:t---|  tliiwn-  i-  alw,-i\-  tlu-rc-  Tlu  prtal- 
\-liu-|i   .in-   L;i-iu-r,-ilK    rnlnml   .in-   r.illnl 

tlu-     il-,'\'ll  W  lu-ll     \nU      pltU-k     nlf     tlu- 

prtal-  \  nn  -rt-  .-i  ininilii-r  ni  -'nrii  lr.i\i- 
:it  tlu-  liniiniii  wlu-ri-  tlu-  pri,-il-  wvvv  at 
I.hIh-iI.  i  I;(--(-  fnrin  x\li,it  i-  i.ilK-il 
tlu-  rii/\a-.  aiul  liclji  to  ImM  tlu-  prt.il-; 
in  jikuT.  iii-uk-  llu-  llnw'-r  .-ire  little 
-h-ni-  wliii'li  t;niw  tn  llu-  pi-tal-.  Tlu--(.' 
.-iri- calU-il  .-tiniii'iis.  l-.\rr\  mu-  nf  iiu--i' 
Itlli-  -trill-  i-  hollow-,  aiul  11  \  on  -pht 
mu-  npcii  \  nu  will  ili-co\-(-r  a  fin,-  /-i'.t- 
ilrr  Thi-  pnwilc-r  i-  c.ilk-l  l':'l!,-ii.  .nul 
I-  till-  "l.itlu-r"  nature  oi  tlu-  plant.  In 
tlu-  r.-il\  \.  ih;-  p.irl  wt-  ha  1  K-lt  :iftc-r 
we  iilnrknl  nil  llu-  petal-,  i-  the 
"mollu-r"  ii.itui-e  of  the  plant,  I'lu'  ni.iiii 
part  of  llu  niollur  n.iture  i-  tlu-  -teiii 
nl  tlu-  llowii-  i-,illril  the  ■>;-/;  \'.  am!  thi- 
1-  "here  the  -eei|-  "row  riie-e  -eeil- 
111  llu-  n\-,-ir\.  Imwever.  will  imt  lu-eoiiie 
I  erleit  -eeil-  mi'.--  -oine  nf  the  ]inllen 
from  the  "fa.ih-  n.iture  of  the  pi. ml 
tonelie-  them  -nul    fertilize-  them 

\t  the  prni  er  .ii;e  m  tlu-  tlnwei  -nme 
iil  thi-  ]"-I'i-ii  |iowiKr  p.-i--e-  iiilo  ihe 
nvar\  atul  ii  rlili/e-  tlu-  -eed-  ami  m.ike- 
lliemtjoOi'       eii-       llli- i- oiiK  one  kiiul     } 


J 


HOW    J  ISm  S   COMl;   TO    I. Ill: 


111  ijntlicriiij;  Iiis  honcv  the  busy  l)cc  will 
jjo  all  over  I'.o  fatlur  flower  and  get 
his  li  4S  all  covered  with  pullen  ])nw- 
(ler.  Sooner  or  later  he  coined  to  a 
mother  flower  of  tht  same  kind  <  pl;,-it 
or  I'-ee  from  which  he  has  father  iiol- 
len  on  his  legs,  and,  still  hent  on  jjath- 
erinc  honey,  Ik  incideulally  rnbs  the 
inlKii  powder  on  to  the  ovar.-  of  the 
ii'iither  tlowiT  and  the  feriilization 
takes  place.  The  wonderfnl  thinjj  ahont 
this  is  that  the  father  pollen  of  one 
kill'  of  a  ]>laiit  'vdl  not  firtilize  the 
mother  nature  of  notlv  <•  kind  of  ]ilant. 
To  illustrate  this,  if  a  bee  carrying' 
pollen  ot;  his  lef,'s  from  a  walnut  lilos- 
^nni  visits  the  mother  blossom  of  a 
bill  ry  tree  tlie  pollen  of  the  walnut 
\vnul  i  uiil  alTr.t  the  liickory  blossom, 
but  \MiuM  -till  h.i\e  the  proper  etTect 
on  tlie  t'lr-t  walnut  umtlKT  bl"-M,ni  hr 
visited. 

This  is  how  life  in  ucneral  is  re- 
produced among  the  ]ilaiUs  .iii<l  trees. 
1  ife  in  th.e  veisietable  kingdom  has  no 
sense  of  feeling  or  any  of  the  other 
senses,  but  this  kind  of  life  is  still  true 
to  its  own  nature  an<l  is  a  wise  thing 
ill  the  plan  of  creation,  because,  since 
all  -I'nl  will  produce  only  plants  like 
tiiM-i'  t.-iiiii  which  the  seed  came,  man 
can  control  the  growth  of  tlv  \rgc- 
tables  and  fnii'^  he  need-  a--  tdcid. 
I  U-  knows  when  he  plants  corn  that  he 
will  get  corn  in  return,  because  )ierfect 
seed  never  makes  a  mistake.  It  would 
mix  things  up  terribly  for  man  if  this 
were  not  so.  because  man  might  then 
plant  one  thing  ainl  t'lnd  another  thing 
f;rowing.  It  would  be  a  sad  thing  to 
jTiin  wheat  and  tiud  thistles  growing. 

Ill  nrdrr  tliat  -erds  may  grow  thry 
must  be  I'lanted  under  conditions  tli.it 
suit  the  kind  of  vegetable  lifi'  in  tin 
seed.  Man  has  to  -tndy  and  karn 
what    tlu'se  conditions   are. 

If  .a  see<l  is  jilanted  too  deeply  the 
sin  niav  not  have  a  chance  to  warm 
the  ground  to  that  depth,  ami  if  it  is 
planti'd  too  near  the  surface  it  may 
ixcome  tiio  warm  and  be  kilK'd  by  the 
-nn.  When  jilanted  under  the  proper 
conditions  the  seeil  soon  begins  to  gmw. 
It  trrnws  upward  towar<l  the  sun  to 
get   liL;lit   and   air,   and   it   sen  is   ruuts 


down  into  tlir     round  to  get  food  aii'! 
moi'-tiire 

The    life    in    the    vegetahlr  kingdom 

is  soon  ablr  to  take  care  of  it>elf. 

Huw  Aie  Fishes  Boni '. 

■'  he  next  step  in  the  stndv  of  th'' 
reproduction  of  life  bring-  ii-  to  t':e 
animal  kingdom.  Ilie  lir-t  thiiiv  wr 
di-cover  in  this  section  i-  that  in  the 
animal  kingdom  father  and  iiiotluT  na- 
tures :'re  almost  always  seii.ira'eij.  In 
plant.s  and  trees  these  parent  ii.iliire- 
are  sometimes  in  the  same  llowrr.  oiteii 
sepiarated,  but  on  the  same  plant,  and  n; 
other  instances  on  ditTerent  jilants 
n.iles  apart.  Wh.it  we  imist  remember, 
then,  is  that  in  the  case  of  plants  it  is 
L,i\en  more  or  less  to  the  chance  of 
wind  or  otiur  circnni-tances  to  bring 
llu-  parent  n.ituris  together. 

In  the  animal  kingdom  tlierr  .are  a 
feu  cases  where  the  inotlur  and  fadier 
n.''iures  are  found  in  the  same  living 
■  biect,  as  in  the  o_\-ter  .and  clam  faini- 
I'cs.  onr  of  the  lowest  forms  of  animal 
life.  These  ha\e  but  one  o'  the  live 
Senses — that  of  ferling.  Tlii--  cla-s  of 
animals — the  cold-litoo.lcd  ai,  inals — in- 
cludes the  tish--.  and  in  mo>t  members 
of  this  class  the  father  and  motiier  na- 
tures are  separated  and  in  dit'ferent 
boilies.  Step  by  step  friMii  now  on  we 
enter  higher  forms  of  animal  life,  and 
through  each  -trp  \\  e  lind  a  i^re.it'-r 
dil'feretice  betwei.Mi  the  l.itlier  ,iiid 
mother  n.atnres.  .and  in  the  anini.d  king- 
dom we  ''cak  of  the  f.ither  anil  mother 
n;aures  a>  "inalr  and  f,-i)ui!r."  In  the 
.animal  kingdom,  too.  uii.it  we  have 
lir.'\ion-l\  c.illi  d  the  -ei'd  i-  known  ,as 
the  1'./;/.  Seed-  aii'i  .gg-  are  the  -ame 
-o  f,ir  .a-  lliiar  ii-eliiliie-.-  i-  concerned, 
hilt  we  sa\  c^l;-  in  the  animal  kingdom 
to  di-liiigni-li  from  -red-  in  the  vege- 
t.ilile  l^illgcl(lm, 

l-'i-li  h,.ve  egg-,  then,  .am!  it  is  froir. 
the  eggs  that  little  ti-li  are  born  into  the 
wiirld  and  grow  to  be  of  eatable  si/e. 
\'on  recogni/e  the  eggs  of  the  tish  in 
the  "roe."  which  is  eaten  as  food.  Not 
,11  li-h  eggs  are  u-eil  ,i-  food,  however. 

In  the  li-h  world  the  eggs  an-  de- 
veloped in  the  body  of  tiie  female  tish 
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I";  ih  little  round  s])cck  in  a  "slin.d  roc" 
is  >iif  i')iii.  .mil  iIkti'  arc  many  tlioii- 
s.ikIs  ill  a  s\\\<iW-  "roe."  I'.acli  ifjn  will 
Iinxliict.'  a  little  I'lsl'.  umkr  i'avi>rai)k' 
conditions.  These  ej,'),'s  dcveloji  in  die 
1hh1\  of  the  letiiale  lisli  in  winter.  In 
t!ie^I>iin^',  which  is  the  time  in  wlii-h 
niii-t  lixinv;  things  are  horn,  ancl,  tlnre- 
fiire.  tile  time  tor  iiatchiiif;  out  lish 
ej.'};^.  ail  of  the  li>ll  swim  from  tlle  deep 
water  wiiere  iliev  live  in  winter  to  tile 
l>iaces  where  tlie  water  is  shallow  and 
warm,  and  in  llu>e  shallow  w.aters  the 
female  lish  e\]ieN  the  cKfl'^  from  her 
hodv  where  the  sun  can  j^el  at  them 
and  hatch  them  hy  waniiinj,'  them. 
After  the  female  ti-ii  ha-  thn-  laiil  the 
ci,'!,'--.  ihe  male  l'i>h  -uim-  over  tlle  ei;t;s 
:is  thev  la\  in  the  water,  .and  eN]iel~ 
from  his  hody  ovtr  them  a  thhd  which 
is  "vhite  in  appe.irance  and  which  fer- 
tilizes the  lish  es,'i,'s.  If  any  of  thi- 
fluid  fails  to  re.icli  some  of  the  c^;>,"^ 
it  is  not  ]>ossihle  for  the  sun  to  1  "inir 
th.'in  to  life. 

When  tlle  ej,'!;*  ■'"■'■■  l-''''  ■""1  fcrlili/.ed 
the  mother  ancl  father  fishes  swim  away 
and  they  never  -ee  their  childnn  or 
recopiize  them  a-  -uch.  even  if  liiey 
meet  them  later  in  life.  The  parent 
ti<h  ilo  not  ;ict  like  other  fathers  and 
mothers,  anil  llie\  do  not  need  to,  he- 
cause  as  soon  ;is  a  hali\  fish  i-  horn  he 
is  ahle  to  liiid  hi>  own  food  and  needs 
no  hel]>  from  father  or  mother  to  teach 
him  how  to  tnid  it  or  en.ihU  hini  to 
},'row    into  ;i  re.il  fish. 

Of  course,  ni.iny  of  tlle  tiny  lish  are 
eaten  hv  other  fisii  and  not  all  the  etjus 
which  the  mother  fishes  lay  hatch  into 
live  fi'li.  hecause.  if  they  did.  thr 
waters  w(.uld  he  so  crowded  with  li-ii 
t'';it  there  would  not  he  any  room  for 
the  water.  .\  sin),de  female  tish  will 
l;.v  millions  of  e.t;.i,'s  in  a  year,  an'l  if 
each  eyi,'  develoiieil  into  a  fish  llu  re 
would  he  far  too  many. 

This  order  of  animal-,  which  includes 
turtles.  fro(;s.  etc  .  is  the  cmhhhlooded 
class  of  rmimal  life.  They  have  only 
part  of  the  five  senses.  They  all  can 
feel  .-mil  some  of  the  fishes  can  see  and 
hear,  hut  a  threat  many  of  them,  par- 
ticularly those  kinds  which  live  on  the 
bottom  of  the  ocean,  cannot  either  see 


or  hc.Tr.  anil  «rinir  mrnihcr^  ni  the  ti^li 
taiiiil\  cannot  even  swim. 

The  tiling  to  retnemlier  almnt  li-hes 
in  connection  with  the  reproiluclinii  of 
life  i-  that  the  mother  li-h  nui-i  -cKct 
a  pl.ice  which  is  lavorahlc  to  de]io-it 
the  e^;j;s.  hut  after  that  lier  re-pon-i- 
hility  ceases  The  father  merely  fer- 
tilizes the  t-HK"^.  and  then  hi-  re-poii-i- 
hility  ceases.  I'he  little  li-h  l "  ik  miu 
lor  themselves  a-  -ooii  a-  tlie>-  are  Imrn 
;iiid  never  know  wh.it  if  i-  to  h.uc  i 
father  or  mother  to  look  .after  them 

\\  hen  we  study  tlle  next  hi.uher  fcirin 
of  anim.'il  life  we  fiiiil  that  the  youiiL; 
ones  h.ive  to  he  looki'd  after,  and  that 
this  heconies  more  iiece— ;ir\  a-  wc 
asC'Mid  tlu'  sc.iU-  of  animal  life  until  we 
reach  man.  the  most  intellii^eiit  of  .dl 
aniin.il-  anil  vet  the  must  helpless  of 
:dl  ,,'  I.irtli. 

How  Birds  Are  Taught  to  Fly. 

Ihe  ne.\t  ste])  hriiif^s  us  to  the  hirds. 
I'.efore  they  can  look  after  theitiselve- 
the  little  hirds  must  learn  how  to  search 
for  food  and  the  kind-  oi  food  mind 
inr  them.  They  have  to  K.irn  the 
liahits  of  dieirkind  "if  life  I  lie  hi'.4iur 
\ou  yo  in  the  -tud>  nf  .innn.d  life  the 
i,'reater  -eeiil  to  In-  the  dani;er-  whicli 
-nrround  the  youiif;  animal-  .nid  tlu- 
liiii'.,'er  it  t.ike-  to  teach  them  linA  to 
look  after  theill-elves  ami  wh.at  to  dn 
for  thetiisidves. 

The  hird  family  includes  n.it  onl\  the 
rohin-.  larks,  sparrows  .md  )iii.eoiis.  Iml 
al-o  the  ducks,  jjeise.  and  chickens,  et  ■ 
We  .ire  all  more  or  les-  familiar  wilh 
hirds'  et;},'s,  ;inil  if  not  we  know  what  .i 
hen's  vj^j^  looks  like.  I  he  ej;.i;s  of  the 
hird  f.imily  are  l.iid  in  iie-ts.  which  i- 
tlie  first  sisjii  i>|  In  line  huildirj;  in  the 
animal  kiiij,'i|om. 

The  hirds  ;ire  tin  li-s.  of  the  larm- 
d.iss  of  warin-hlooded  animals  The 
CL'ti  li^'f*^'  re|)reseiits  aj^'ain  the  re)iroduc- 
live  jiowiT.  The  et;^'-.  too.  fnrm  in 
the  hodv  of  tlle  female  hud.  hut  .ire 
laid  in  a  nest  which  the  jiareiit  hinl- 
huild  totjether.  Xow  this  is  the  first 
-teji  awav  from  the  li-h  f,iniil\  Thf 
f'-sh  looks  for  a  suit.ihle  jilace  to  la\  the 
ej'j;s  and  lluii  ljoc-  oil'  ami  le.ivcs  tliein. 
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ill'-  l'iri|>,  liiiucM-r.  ii,i\r  t"  lii.iKi'  .1 
IX -I  in  \vl)ii-|i  to  <li'|ii)sit  thi'  t'PKS-  I  Ik" 
lisli,  .IS  ymi  miicinlKT,  iIcih-ihUmI  iipoti 
tlu"  warm  snii  sliiiinn,'  011  tlu'  ■>liaIliAv 
«afiT  to  liatili  um  llu'  r.u'i;^.  lliiis  i!c- 
ptiiilitiL,'  (111  an  oiilMde  fori-o  ti>  su]i|ilv 
itu-  iH'ocssary  wannili.  In  tlu-  liinl 
family  the  motluT  1  irM  mti«t  i-ovi-r  ilu- 
i.yfis  witli  luT  own  Imdy  ami  kci-p  llu'm 
warm  until  tlu-y  liat'l'  ont.  riii-ii.  too, 
llif  I'alluT  and  motlicr  liinN  tit'il  the 
M'tin-,'  iinlil  tlu-y  an-  stmns;  i-iuini;li  tn 
lly  anil  Unci  luml  I'nr  llu-nist-lvi-s,  and 
SI'  tlu-  Tnnilu-r  and  fatlu-r  KirtN  lonk 
afli-r  tin  ir  lia!  ii-s  until  thcv  arc  uld 
t-iuiiiL;li  to  liiok  al'tt-r  llnin-i-lvi-s.  \N  luii 
this  tiiiu-  arrives  tlu-  old  liirds  ci-asi-  tu 
I'litlu-r  aliinit  tlu-  ynuni;  iiui'<  altDU'ftlu-r. 
!"1r-  tlslu-s  ni'vi-r  act  like  part-uts  al'lt-r 
llu-  lial)\  fislu-s  arc  Ixirn.  because  the 
little  lisli  are  aide  to  Inuk  after  tluin- 
-elves  ri^ht  away.  Tlu-  parent  hirds 
are  a  K<>od  ileal  like  fathers  and  mothers 
for  a  tiiiu'.  hut  only  so  loni,'  as  it  takes 
ihent  to  teach  their  little  1  ir  I  children 
1'  look  out  for  themselves.  Then  they 
fi.rijet  the  children  completely. 

It  rci|uires  hut  a  few  d.iys  and  no  pa- 
ri nt.il  cire  to  hatch  out  a  family  of 
ji.ihv  li-hes  mid  no  attention  at  all  after 
iiirtli  It  re. |uires  several  weeks  ami 
much  patience  for  the  ]>arciit  hirds  to 
hatch  lint  their  e!;s,'s,  ami  it  involves 
c.irc  and  attention  for  sevend  weeks  to 
1c;uli  h.iliy  hirds  to  take  c;ire  of  thrin- 
stlves. 

'Idiis  heini;  a  f.ither  or  mother  in  the 
.iiiinial  kintjdiim  liecomes  ;i  ijreater  rr- 
s[>(insi!'ility  in  every  ste]>  as  wc  ;jet 
closer  to  man,  and  when  we  re:icli  m.in 
w  I-  fnid  him  to  lie  tin-  mo'-t  helpless 
ntT~]irini,'  of  ;dl  ;il  hirtli.  a^d  th.at  it 
takes  more  time,  care  .md  attcntiun  t.i 
luini;  np  .\  hnni.in  child  to  maturity 
th.m  .-111)-  iilluT  amm.'il. 

What   Tilikrs  tin-  Hulbw  Place  at  One 
End  of  a  Boiled  Egg' 

rili-   hoUinv    pi. ICC  111!    llir   end   of    ill- 

liuilcd  cijij  ( r.oinetiincs  it  allows  on  tin- 
side  I  is  the  .lir  which  is  jiut  inside  of 
th.c  cgt;  when  it  is  formed  so  th.il  llic 
htlle  clii.ken  will  have  ;iir  tn  Iirr.ithe 
fiMin   llu    liiiir   it    comes   ti-   life   within 


llie  (■;,';,'  until  11  lieconie-  -IMiii;;  enon^li 
to  hreak  the  shell  and  v;ii  mit  into  tlu- 
world.  There  i-  aKo  food  in  the  i';;t,' 
for  him.  W'licii  you  hoil  the  van  this 
)>ocket  of  air  within  the  shell,  wliich 
would  liave  liecti  used  up  hy  the  chick 
if  the  et;i;  li.id  lieen  set  to  hatch  instead 
of  hciii'^'  cooked  for  break f.ist.  begins 
to  tij^dit  for  its  sp:ice  and  jntshes  the 
hoilini,'  viii;  back  .•ind  form;  the  linllow 
I  il.ice. 

i'lie  pnrpo-c  of  the  .iir  in  the  e,'",' 
i--  .1  <;i»><\  thill!,'  to  rcmeinber  when  we 
conu-  to  study  the  higher  forms  of  aiii- 
n,.il  life  from  the  -t.indpoint  ot  Imw 
they  rejiroiluce  tlu-m>-i  l\c^ 

The  m.imnials  are  the  next  l:ii;her 
form  of  .inini.ils.  The  li.dii  ^  of  ihi^ 
ila^^  III  .•inini.il^  nin^i  li.-  fed  fur  sev- 
eral weeks  or  months  before  they  .ire 
ready  to  come  into  the  world. 

.\  little  chicki'ii  is  ready  to  come  oiif 
of  the  viijx  almost  as  soon  as  it  comes 
to  life.  .ind.  therefore,  needs  only  a 
little  .■lir  and  food  before  it  is  stronjj 
(nou!,di  to  peck  its  way  out.  but  the 
b.iliies  of  in.imni;ils  be','iii  to  live  nionlli-- 
before  they  are  ready  to  come  into  llu- 
world,  .•md  they  need  a  ),'rcat  ilc.il  of 
air  ;md  fool  .luriii'.,'  this  time  This 
class  includes  the  <loi;s.  hor^e-^  cows. 
cat»  and  all  other  animal-  in  the  /<hi 
and  in  the  wnmls.  The  n.inie  m.iinni  il- 
means  the  same  as  "mainni.i,"  .-md  in- 
dicate- n  animal  wlii.h  i,ui-t  In-  fed 
ironi  .ill'  IkkIv  iif  ,1  feiii.de  m.iniinal 
even  after  it  is  born. 

In  this  cl.'iss  the  ci,'i,'>  are  r.  t.iined 
within  the  body  of  the  fcni.de  animal 
instead  of  bein;;  l.iid  in  .1  ne-l  or  -oine 
other  place,  a-  in  aniir.als  of  lower 
el.asscs.  after  liiinL,'  fertilized  In-  the 
m;ile  anini;il.  -o  th.it  the  baby  .-inim.d 
may  secure  its  food  ami  air  from  wilh.in 
tlu-  mother's  bodv  .after  the  li^-  within 
the  c!js^  is  b!".;un. 

!  lu-  mothir's  body  snjiplies  the  neces- 
.  r\-  u.irnith  to  develop  the  life  of  the 
1  nle  anitnal  in  the  ci;?.  in-t  .1-  ttv- 
birds  siipplicd  this  with  rhcir  boilies 
In  the  bird  class  it  only  takes  a  few 
liiMiis  to  cfive  the  little  bird  sulTicient 
-trength  to  ]ieck  his  way  out.  but  in 
the  mammal  ckiss  it  is  a  iontr  tjnie  !i.-- 
fnre  the  babv  animal  is  stront;  enough 


i 


%  ..:, : 


ISO 


IS    MAN    AN    ANIMM? 


to  conic  out  into  the  uorM.  and  even 
after  it  is  liorn  tlic  lialiio  of  nianiiiials 
rciitiirc  a  ),'rcat  ileal  of  care  and  atten- 
tion l)efore  tliey  are  al>Ie  to  limk  out 
for  tlieni->ehe>.  I  )uriny;  this  perioij  tlie 
animal  securi's  all  of  it-;  food  from  the 
lirea>t  of  the  mother  animal. 

Another  reason  why  the  ejj^s  of 
mammals  are  ntained  within  the  Ixidies 
of  the  females  is  the  need  for  |)rotect- 
hifi  the  xouni;  animals  from  enemies. 
In  the  aninial  kiu,i;ilnin  each  kind  of 
animal  preys  upon  another  kitid.  They 
attack  .md  ilevour  each  otlier  and  are 
co'istantl\  in  danfjer.  If.  then,  mani- 
irals  laiil  egijs  in  nests  anil  sat  upon 
them  to  hatch  them  out.  the  mother 
anim.-ds  sittini;  on  the  ut'sts  wouM  he 
contimially  in  danger  of  .attack  from 
their  enemies.  They  wonM  eitiier  have 
t'l  (lee  and  snliject  the  ne~t  and  its  con- 
tents to  the  damjer  of  destruction  or 
else  stay  and  tiu'ht,  and  jHTh.-ips  he  de- 
stroyed, r.nt  hy  carryint;  her  eijg  witn- 
it.  her  hody  the  mollier  mammal  is  ;ihle 
ii,  move  ahont  from  i)lacc  to  place  and 
I  in  Meet  1-iT  hahv. 
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Men.  women  and  children  lulfHit;  to 
the  "m,uiimal"cla^>  of  animals.  Tlie  olT- 
sprin^  of  the  human  family  is  the  most 
I'.elpless  of  all  animals  at  Itirth.  The 
youii};  of  most  kinds  of  inainm.d>  cm 
stand  on  their  letcs  shortly  after  beinjj 
born,  hut  tlie  human  h.il/V  re<;uires 
months  before  it  can  stand  u[i.  .\ 
baby  horse  can  also  walk  within  .1  few 
licnrs.  but  human  iliildren  do  nut  liei,'in 
I',  walk  until  they  arc  more  than  a 
year  old. 


Why  Cannot   Babies  Wplk  as  Soon  .is 
Born? 

Tile  lumi.iii  lialiy  has  a  great  many 
more  tln'ni^s  to  learn  than  a  hor^e  baby 
bi  fore  it  is  safe  for  him  to  v."  abont 
alone.  It  takes  time  for  the  brain  to 
f'cvclop,  and  if  a  baby  could  w.dk  be- 
f f  re  the  brain  had  even  |iartiallv  de- 
M-lojied  it  would  only  pet  into  trouble. 

This,  then,  is  what  we  liave  learned 


.iliuiil  Ihc  rc|iroduciii>n  oi  hfe  .md  the 
reasons  for  its  beint;  ihlVerent  in  dif- 
ferent classes  of  life,  i'irst.  we  h.id 
the  division  of  or;;anic  life  iiUo  the 
vet,'etable  .md  .mimal  kingdoms.  Life 
in  the  ve},'et,d)le  kin.i;di>m  li.is  none  of 
the  live  senses,  for  plants  cannot  see. 
hear,  feel,  smell  or  ta>te.  They  cannot 
iiiove  from  place  to  place,  but  remain 
where  they  ^'row  until  destrnyed  or  re- 
moved. (  >n  the  other  hand,  all  anim.il 
life  has  at  least  one  of  the  the  senses — 
fielinj,'.  The  oysters  and  dams  belong 
to  this  class.  Starting  with  this  level 
of  life  in  the  animal  kins^'dom  we  llnd 
tli.it  as  wc  jjn  on  up  throUL;h  the  dif- 
ferent classes  we  fntd  each  cl.iss  able  to 
do  thiiij;s  which  ni.ike  it  superior  to  the 
class  below  if,  until  we  reach  the 
lium.in  mammal,  who  can  do  mo^t  of 
all.  .\nd.  fnither,  that  since  each 
class  as  we  t;o  up  in  the  scale 
cf  life  has  Kfciiter  ability  to  do 
things  than  the  cl.iss  beneath  it,  so 
in  each  case  the  task  of  the  parents 
in  prep.iriiiLj  their  olfspriiii;  for  their 
kind  of  life  becomes  fjnater,  and  the 
period  dnrins;  which  'he  otYsprini,'  is 
Karniii!^  becomes  Ion.'  .  ;uid  loni,'cr 
initil  we  reach  the  In. man  faniilx.  in 
which  we  lind  that  |  .irents  have  the 
trre.-itest  res])onsibi'ity.  .md  the  chiMren 
are  the  most  helpless  of  .ill  animals, 
lint  that  in  the  lin.il  result  m.m  has  ,1 
rit,'ht,  on  aciount  of  his  supirior  i|ua!- 
ities,  to  be  the  ruler  of  the  oilier  crea- 
tures of  llie  world. 


What  Are  Bill  Bearing,'?  ? 

Some  years  aL,'o  ;i  f:ent!eman  in  Irv- 
ii'",'  to  lind  some  w;iy  to  reduce  the 
frietiiin,  wliie'i  is  constantly  developed 
to  .1  eert.iiii  extent,  even  when  'he 
;!v!e  is  oiled,  di.scovered  that  if  lie- 
twren  the  a.\le  and  the  inside  of  thi^ 
hub  .1  circle  of  steel  balls  were  ar- 
r.int;.'d,  so  that  the  biib  f)f  the  wheel 
did  not  toneli  the  .-ixle  .it  all,  but  reeled 
on  the  little  b.ills  wlnih  in  iheir  turn 
toiK-hed  the  a.xle,  tli.it  .1  great  deal  of 
tl;e  friction  was  eliminated.  This 
proved  to  be  .1  wonderful  invention, 
and  when  thi.-.  combin.ation  is  arrani:;ed 
and  oiled,  there  is  h.irdlv  anv  friction 
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IKANKrASK  Wnil  (BANK- 
SHAKT  ASU  FLY-AIIKI 
AUIIKII. 

The  cranksliaft  sorvi-*  tlu- 
siiiiu-    |uir|Mi%f    ill    an    aiitM 

lIKllllU'     .l^     tllf    ptllals     llll     I'll 

a   likyclf. 

The  llv-whi'i'l  cm  thr  einl 
helps  it  to  kcvp  tiiriiiiiv;  at 
an  even   speeil. 


<1IANI>IA>IE     SHOWING     tllAII- 
INUS. 

I  he  heart  i>(  the  autouui- 
liile  IS  the  engine.  It  m 
liiiill  ariiiiinl  the  tTaiikiM>e. 
which  ix  it>.  fiiMiilii  ■  ■  ' 
liase. 


(41  <^4J  ( 


'/0f)"!^Pjt 


(iaM'Hne  vapor  is  explodtd  in  the  cyhmlers.  This  pushes 
the  piston  down,  ami  as  the  inston  is  connected  to  the 
crankshaft    it    starts   the    crankshaft    tr.rnniK. 

riie  pi-toll  and  the  rod  that  connect  it  to  the  crankshaft 
are  just  like  the   feet  and  liiiihs  of  any  one  riding  a  bicycle. 


CyliiKlcrs  showing  i'i-t"n 


|.l,i..-  and  coniHited  to  crankshaft. 


■]  h<-       mar-       .ir        "C"- 
ulutls"  .lie  lor  ruiiiiiiiK  ll" 
fan.     the     piiiiip     and     othir 
parts. 


MICROCOPY    RESOIUIION    TESI    CHART 
ANSI  aid  ISO  TEST  CHART  No    i 


1.0    *^"-  I- 
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p.2 
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1.8 


1.25    III  1.4 


1.6 
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THI.    HIART  Ol      rur.   Al   lOMOIJiLi; 


The  cylinders  arc  next 
iMilteil  liiiuii  t.)  the  iraiil;- 
case,  the  pUloiis  aiiil  eraiik- 
•-liatt  liaviiiy  U-vu  ccni- 
neiteil.  as  sIkuvii  in  I'ij;.  j. 
\  I. .\iT  1,  placed  (IV. -r  tlu- 
l^^,lr^  t.i  kee|>  tlietii  dean. 


An  nil  pan  or  reservoir 
i>  attached  to  the  hnitnni  ..i 
the  erankease  tn  hnid  nil 
I'T    the   engine. 


The  earhnretur  iiirni-hes 
the  >;asnline  vapur  Inr  the 
cylinilers.  It  is  cmniected 
to  the  eni,'iiie  hy  a  eronked 
pipe  railed  the  intake  inani- 
l..ld. 

After  the  gasoline  lias 
lieen  exploded  a  \aKe  ..pens 
and  allows  the  hnrned  ^ases 
I.I  escape  throni;h  another 
pipe.  _  ,;illed  tlu'  e.\haiist 
ni.inif..!.t. 


•  hi  is  p.  lureil  in  the  spmit 
uhieh  is  at  tin-  left  of  the 
earhuret'ir.  It  rtni^  ilip«n 
into  the  reservoir  and  is 
punipeil  up  thront;h  the 
cliKiiie  a  little  at  a  time. 


THr.    POWr.R    F>IANT  or    AN    Al'TOMOBILE 


iN.-i 


'I  ill'  cloctrii-  L'ciuTatnr 
inakrs  i-ltHtricitv  t"  It  ti-r^l 
It  ^tartiiiR  tlu'  i. limine  ami 
liK'iting  the  car. 


1  111-     iiiai;ni'tii     v;iv<'s  an 

flcctrit-     >park.     wiiicti  -x- 

Iiloilfs    the    RasDlim-    in  the 
I  vlinjtrs. 


Tlie    waur    luiiiiv    ku'vs    water    ll.'uin^    jr.i'.iiid    tiiL    uliii.ltr^    I.,    [irpvt  lit    thciu  i'r..ni 

gettiiiK  tiMP   h.'t,      T'lis   watiT   ciiMR-i   hack   to   tin-   ptimri   throtiKli   the    rachati.r  at    the  fmiit 

(if   tlu-   car.      Wiiiil   llnwi   tlinniKh    tlio   ra^liat'ir   ami   Ciml*    off    the    water.      The    tire  puiiiii 

ell  u|i-t.i-ilale  car'-   i     run  hy  the  cni;:ne.      It   d..,  ■,  not   pniiip  e>,ci'|it  w lu-ii   the  years,  wliich 
.'ire    ^h.'\Mi    in    the   picture    are   iv.illi  M    t"i;i'lher. 


.\n  electric  nintor  •ilart- 
the  iii^ini'  h\  tiirninj;  the 
ll\--wheet.  I  hi"^  make-,  ii 
iiiineces'^ary  to  wet  'Hit  ami 
crank  the  car  hy  hand. 


h 


I    i 


1 1'  , 

iJllflll 


Id 


1st; 


sncoM)  STACii".  or  coNsikiciiox 


^-  -5^^^5Si~;SI%^ 


1  In-   traii-!iM»i(jn   is  adil 


Tlif   lr.iii-mi>si..Ti    tnak.s    it    possitile    to   reverse    tlu-    car.      It    al-o   ciialilc^    tlir    ,lriver 

'"■?•"  "■''"  '"w''-^!"''"'  «<■•■"■  ^^''-"  ""  1''^>1  '■""'Is  and  low-spco,!  ^far   I'^r  vtartms  and   tor 
indliiig   hills 


Uoiibk'-drop   pri'ssed    stiil    frame. 
Tlic   frame  cii   wlii/ii   the  ear   i^  hiiili. 


rS^?^ 


.v'l'im I 


'  nii-elliiitic  and  three-foiirlhs-elliptic  springs  to  frame. 


r..irKr   vpriniL's   pre   placed   at    the    front   and   rear   ..f   the    fr.iiiu-.      Thrv   ni.ikc    the    .-t 
ri'le    Mil'),  ithlv. 


AddiiiK    the    front    axlt. 


RliADN     lOR   THi;    WHKJI.S 


1S7 


Shciwiiit    .iiMiiiuii   nf    fiill-t!(iatin^;   rear   a\Ir. 


l'..iii|plfti  ,1    intjini-    .iiiil    tr.ii)~ini~sioii    i^    iu\t    l',i--ti-m-il    tii    tlic    fraiiu'    ami    i  • 'iitH'cti-il    ti 
till"   nar   axle    liv   tl'c    ilrivr    sliatt. 


ShowiiiK    ad.liliwii    i.f    jjasiilitic    tank    ami    ^■'1'=    U'ail    t"    '■arlmrotoi. 


SIimwii'l:   lin«    steering   gear    is   coTinfCtfd. 


J 


-,'»? 


ivs  WHAT   THL   COMI'l.inil)   CHASSIS   I.OOKf.    IIKIi 


I  ,.iii|,Ktnl    iluis<ii<    with    r;iflial.ir    aiKlnl. 


Tlic  watvr  which  keeps  the  ctiKiiK-  from  .mttiiit;  (.>.>  hot  !■;  piimiicil  arotiiul  tlic 
cyhiKlcrs  anil  then  thn>m;h  the  ra.liator.  The  wiiul  1,1, ,wv  thr,.iii,'h  the  little  ,.|,eMinK- 
111  the  radiator,  and  cooK  olf  the  water.  Then  tlu-  water  i-  piiiiiped  aro>iii,l  tin-  evlinders 
again. 


I  he  steps  aii,l  lenders  are  next  atlaehe,) 


TMi    MMmiiois  (ikowni  or   r\\r\i\    m  vks        iv* 


riu-  '".r-.l  AiiR-ric.iIi-Iiiiilt 
auiomolulc.  iiiiw  ill  Sniith- 
siiiiiaii  Institute.  WasliiiiK- 
tou,  I).  C,  wlnri-  this  pluptii- 
Krapli  was  takiii.  Tlif  nido 
carriaKC  tliat  uas  a  ciiri- 
i.-iity  iwfiily  years  atin  ami 
Uss— till-  viliiiK"  that  vii<l 
with  tin-  twci-luadcil  eati 
ami  the  wilil  man  of  l!i>riieo 
at  the  CMimty  fairs — was 
tile  lieniiniiiiK  of  the  ^reat- 
1st  tratisportalioii  aiil  siiiee 
llie  liirth  of  civili/atioii, 
Keiaiisc  of  it  oiir  slaiidanls 
of  In  inn  have  liecome 
iMyher.  It  has  hroailcni  .1 
llie  liori-^oii  of  all  of  ns. 


i.A-oi  im:    m  loNnir.ii-i-. 
Kuiit   !■>     I'.Iuo.mI    lla>nes,    mi    Kokoiiio.    huliana.    1Sc1.t-1S.14. 
l.i|ni|i|R<l  with  oiie-hor-e-power  etiyiiie.     Siuce-sfnl  trial  trip 
iiiaile   at   speed  of   six   or  .seven  miles  an   hour.   .Inly  -|.    1X04. 
Gift  of  Klwood  lla.Mies.  luio.    j(i_',i35. 


<..- 


w^m 


\\\u  \,    ,iii    .i;il.  'Hb  >MIi     |'a--*»»l    y.  mi    i  ,\  t  ; 


'  W\ 


k[i. HI 


VIKU 


as   "Kvliiln't    Nutiili- 
i-iiin.      Il    (■■■liwists 


iiou   i\liil,it  in  tlir   Smithsonian  In^tiintr.  nfticially  kn.mn 

l*"Jl    "'  aticiitiim   fn.m    visitors   to    lln'    Nati  iiinl    Mms 

nil    i.ovitr    plant,    .,n.l    ha^-   li.fn    nivrn    a    posiiion    at    ih.-    si.lc    ..f  tin-    ..rJKiiial    llavii.-s   '••'hVir.c . 
u  ..-n-    t  1.-    MnkniK    .••.litr.„t    shovi,    tlir    rrmarkaMf    im|.rovrniriit    that    has    l,.-vn    i.ia.li-    in 
.       aim    r..tistriii'tion    liiirini!    tlic    |.ast    lunitvtuo    j,ar». 

iiiM'otlai.t  fratiirfs  of  the  |,.nitT  [.lant  an-  shown  clrarly  an.l  coninrchi-iisiv.-l.  hv  hnvinn 
va>  from  tin-  various  i-nrls.  so  that  the  visitor,  to  the  Inslitnto  an-  fnal.l.-,f  to  srr  tlil: 
''■■■'''      -I''    I'll*    rilatioii    i.f    thf    I'-nipnm-nt    ilcvifcs. 

"llKiiii'.    the    intake    ami    rxlianst    inanif.ikls    arc    showr 
11    -I    thf    StronilnTK    carhiinior    (fivt-s    a    Kooil    iijt-a    of 
-ilplicil    to    thf    tyliiiilcrs.    Thf    I.ef.oXcvilK-    umirator 
tl''    winiliilKS   ami   cores.      Numvrons    win, I 


tut 


sf    the    i  rank&haft    construction    ami    the    oil    reservo 


llu- 


their    natural 

V    the    Kasohne 

its    casiiiK    cut 

have    liiell    ml    into    the    irankcasv 

Iransniissioii    Kcars    are    also    shovvn 


h: 


Here  an   interestiiiit 


-    nianner. 
Most  of  the  electrical  eiiuipment  is  shown  clearlv  on  the  left   side   of  the  moior       i 
f.atnre    is    the    full    vertical    section    of    the    American    Simms    high-tension    .h.al    niait.leto.        \l,ajf    section 

.155    .-.ren    riniove-l    !r..ii!    l!„-    rear    cyhrrTrr.    arri    the    pist.m    a,    vie;!.    l„    uuc    a    uii se    oi    me    loo-n.  r 

.  .nstniction.  .\  larKe  portn.n  of  ,he  Leece-Neville  starting  motor  casing  has  been  cul  '."viv  T  e 
■  ■vcr  plate  on  the  s«,lch  controllii.K  the  -tartnig  motor  has  Teen  replace.l  with  a  glass  c  ver  to  ,li„  lav 
tl'.e  mctho.l  of  coMipletniK  the  circuit  from  the  hattery  to  the  motor.  .\  skeleton  selec  or  ,w  t.-h  i^ 
m,iiiite.l  at  the  rear  of  the  lran-.mission  case,  instead  of  il,  usual  position  „n  the  steering  wheel  The 
JranVmisslon""   """"'  '"«'""'■«"   "  ">»*   "•'>''«   ''>'    "»"'«   »   «'»"   K'^t'    ««   <h«    lop   cuve^.plaie   on   the 


win  oik  MiAkis  i;iM  i  \>\\u  \\mi\  \\i    \ki.  >c\kr.i)  v>\ 


V/hy    Docs   the    Heart    He.it    When    tlic 
Brain   Is   Asleep  '. 

L'liiItT  (inliiKiry  lunilitKin^  the  licait 
liiats  arc  C(>iitrulle<l  In  certain  nerve 
cells  wliii  li  arc  located  within  the  heart 
itself,  an<l  these  cause  tiic  heart  tn  heat 
even  \>liilc  ilic  hrain  is  asleep.  I'hi-. 
e.\])I;iii.  why  tlie  heart  heat-,  when  the 
i;rain  •^  asleep,  ami  tile  fact  Hiat  tlie 
liraiii  V  •ten  :isieep  liues  not  exercise  its 
flliictiolis,  shows  Iiuw  necessirv  this 
ai  r.iiij;cnunt  ami  the  control  of  ordi- 
nary  heart  heats  is.  If  tin-,  were  not 
s(\  we  slioiiiii  not  lie  ahic  to  live  wiiiir 
asleep.  It  i-  iii>t  like  llie  inanaj^eiiienr 
of  a  jjreat  linsine^s  in  tiiis  sense.  The 
5,'tneral  !nanaj;er  of  a  ),Meat  hn^inf.-  iia^ 
c(.iitrol  of  the  entire  works,  imt  lliere 
.•■re  occasions  wiien  lie  imist  he  thinking; 
ol  only  one  tliinj;  in  connection  witli  tin- 
inisiness.  and  so  he  must  have  his  or- 
j,;ani7.;ition  so  coinpiete.  that  the  ])arts 
wiiich  he  cannot  he  thinkiii!.;  ationt  at 
the  time  will  do  tiieir  work  jlist  the 
s;iine.  So  In-  surrounds  liinisdi  wiili 
coinpcli-nt  assistant-,  wlio  look  after 
'  1  rlain  liciiartinents  uhiie  he  is  Intsy 
iir  a\\a\  or  asleep,  and  if  .'invtliiiij,'  j^oes 
\'  roiiji  u  iiiU'  lie  is  ;iway.  he  calls  on  spe- 
cial forces  to  set  thiiifj.s  rij,dil.  Xow. 
tlie  lirain  is  tiie  general  nian;ij,'er  of  the 
wiioie  iio(lv  and  has  these  nerve  irll< 
in  tile  lif.irt  .i^  a  v,  ,m  of  assistant  nian- 
ay:er  to  look  .ifler  ihe  heart  tie.its  in 
ordinarx'  conditions,  and  to  kerp  tlu- 
lieart  .t;oini;  wliile  lie  is  asiec|i.  lUit,  i)v 
reason  of  hi-  office  as  jjeneral  niana'jcr. 
the  hr.nn  ha^  .1  special  w;iv  of  sending 
orders  tip  the  iieart  throu.ijh  speci.-il 
nerves  wliirh  run  front  the  iirain  down 
each  side  of  till-  lU'vk  to  tlu  lit  ;irl.  TluTc 
are  two  jiairs  of  iju'sc  s|)eciai  nerves. 
'  lie  pair,  if  set  in  I'lolion.  will  ni;ikp 
tile  iieart  he.at  f.-ister,  ;md  the  other  p;iir 
\\\\\  m;ike  tlie  heart  heal   more  slo\vl\ 

Why  Do  Our  Hearts  Beat  Faster  When 
We  Are  Running' 

W'iien  >oti  st;irt  rnnninu'.  llie  hrain 
knows  at  once  tii.at  vonr  \c"_<  .iiid  ..ihcr 
parts  of  llic  Iiody  will  need  more  lilooil 
to  keep  liuni  yoini,',  and  so  the  liraiii 
sends  down  or<lers  tIiront;li  iiis  special 
nerves     wliicii     make    tlie     heart     heat 


I  aster,  to  ^el  husy,  and  tiicy  do.  1  hen 
\. hen  you  slop  ruiininj,',  your  heart  is 
lualinj,'  faster  tliaii  necessary-liiere  is 
really  an  oversuppK  of  hlood  heiii}^ 
innilied  throu^jii  your  sysieni  lor  tiic 
time  hiinj,',  ;ind  lliat  makes  you  iincoiii- 
lortahle,  until  the  hraiii  scuds  word 
tiiroii<;h  ihe  other  set  of  ner\es  to  tiie 
iieart  to  slow  down  tiie  Iieart  heat,  it 
i.s  better  to  sinj)  riimiini,'  j.;r;i(lually.  lo 
fjive  the  iieart  a  ch.iiice  to  tjet  back  tu 
its   iionnal   l"'al    ■j'':idii:dlv  also. 

V7hy    Do   I   Get    Out   of  Breath   Wlien 
Running' '. 

I  liis  Is  also  i-anscd  ii\  \oiir  iirain  in 
Its  cllorts  to  kiep  np  \our  supplv  of 
l;oo<1  blood.  \\  c  iireatiic  to  take  air 
into  the  lunns.  where  the  hlood  wiiicii 
has  once  been  throuijh  the  arteries  ,in  1 
comes  back  on  its  return  trip  to  the 
heart,  is  exposed  to  tlie  air  in  tlic  inn!.;  =  . 
liefore  K<*i"K  back  into  the  heart  1  lie 
air  wliicli  we  take  into  our  hinijs  pnri 
lies  the  fince  used  blood  and  niakes  it 
into  j,'ood  blood  ayain.  W'iieii  \oii  run 
tlie  iieart  pumps  iilood  into  your  ar- 
teries faster  to  enable  you  to  run.  i'liiH 
.-ilso.  tile  arteries  si-iid  much  more  iilood 
back  to  tlir  iie.irt  tiirou'^ii  tlie  veins,  .and 
this  nuist  he  piiritied  by  the  lunj,'s  hc- 
f.re  },'oiiii;  ii.ick  into  tiie  lieari.  To  ,it- 
tttid  to  pnrifyini;'  this  c-\tr.a  amoniit  of 
sooiicd  MimhI  tile  lnni,'s  need  more  air, 
.ind  tlnis  \iin  ,ire  made  to  iircathe  in 
more  .air  for  the  piirjioso.  I'nless  voit 
are  in  j^ood  trainiu}; — your  wind  in 
!,'ood  condition  as  we  say — it  is  alnio-f 
impossible  f(,r  \nu  to  stipjilv  liie  iniiL;s 
witli  enoui,di  air  for  tiie  purpo-r.  bin 
whether  you  can  do  it  or  not,  tiie  Iunj,'s 
c.iU  upon  you  for  more  air,  and  cause 
\ou  to  try  to  mt  it,  and  tii.it  is  what 
makes  you  1,'el  out   of  iire.ith. 

Why  Does  My  Heait  Beat  Faster  Wlieu 
I  Am  Scared  ? 

!  he  n.itiir.ai  leiideiu-\-  01"  a  scared 
cealure  is  i,,  niii  or  ll\.  'Ilic  cfl'ect  of 
beiiiij  si-ared  lia-  the  s.niic  ciTeet  on  the 
iit.iin  tiiat  your  slanai;,'  to  run  lias.  I'iie 
lir.atn  iv  .a.lwa.vs  as  (tuick  as  \'(>u  are.  aivl 
knowin.i,'  that  when  you  arc  scared  voiif 
actual  or  natunil  inclinatinn  is  to  run, 
it  is  merely  L-ettinsr  you  in  sliapc  so  tlial 
vou  can  move  or  run  f.ist. 
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Why  Does  Cold  Make  Oui  Haiul^  Blue? 

Your  hands  appear  liluc  wluii  loM 
liiTausc  tile  vfiiis  wiiiili  arc  luar  tin- 
surface  arc  liilcij  uitli  impure  jiinnd 
wiiidi  is  purpli>li  in  ci)li>r.  Vunr  liamis 
lieeonie  ciilij  iieeau-e  there  i>  m.l  -ut'ti- 
ciciit  eirculaliiHi  iif  warm  red  hlnipd  ijn- 
il'j;  nil  Id  keep  tliem  warm.  liie  hldiid 
in  eirciiialin;,'  tlirnui;!!  Miur  hodv  >eti(ls 
warm  red  lilond  ihiun^di  the  ,irurie>. 
and  this  i-  rrinnied  tn  tile  lieart 
tiiri)ii','li  tile  hill;,'-,  iiy  way  of  tlie  veins, 
I'lie  vein-  carry  nidy  u>ed-iip  lilnod  nr 

niiat  is  left  of  liie  j; I  red  lilood  when 

tiie  arteries  arc  lhri>U'_'li  with  il  It- 
color  i>i  a  piirpli-ii  liltie. 

Wlieii  your  liand>  are  I)liie  it  mcan< 
tiiat  circulation  of  f;oo<i  red  hiood  In-, 
I'racticaiiy  slopped — tile  red  iiiooij  i«  not 
llowiiij;  from  tiic  heart  tlirouyh  tile  ar- 
teries in  >ntlicieiit  i|uantity  ami  tlurc 
is  no  color  in  tlie  arteries,  as  tlie  hlood 
from  the  arterie-  has  |iracticaily  ai! 
j.'one  into  tiie  \cins.  liie  veins  are  full 
to  imrpli-h  hlne  hlood.  and  tiii-  make- 
tile  liands  look  liliie.  hecin-e  there  arc 
a  };reat  many  veins  in  the  iiands  do-o 
to  the  surface. 

Why  Do  I  Get  Red  in  the  Face' 

Xow,  when  \oii  mil  your  cold  hlnc 
hands  t<>.t,'etiicr.  ym  start  tile  circulalion 
U'oin;,'  a.naiii.  ami  tiiat  hrinirs  the  red 
hiooil  into  tiie  arterie-.  ^jivini;  you  tiic 
healthy  red  color  a;,'ain.  When  you  run 
hard  to  yet  red  in  the  fat'c  hecau-e 
you  arc  cau-iuL;  an  unu-ual  amount  of 
red  hiood  to  tlow  tlirouj;ii  your  whole 
hody  hy  your  \ioIent  exercise.  Sonie 
lieojde  with  an  extraordinary  amount  of 
circulation  are  reil  in  tiic  face  all  the 
t'ine.  liiis  is  liecau-c  of  the  presence 
of  a  urt'at  deal  ol  lilooil  in  the  arterie-. 
or  i>e<'au--e  till-  wall-  of  tlieir  arlerii- 
are  -o  much  thinner  than  other-  tliat 
ti;e  red  Mood  shows  throuL;h  more 
oa'iily. 

Is  Yawning  Infectious? 

^awninj;  i-  infection-  to  tin-  extent 
that  other  haiiits  are.  'Ilic  desire  to 
yawn  which  comes  to  us  when  we  see 
some  one  el-e  iloe-  so  comes  muIiT  the 


headiii),'  of  sunKestioti.  jhc  jiower  of 
>U),'ue>tiiin  i>  >;reater  tiiaii  many  of  us 
reali/e.  We  are  jjreat  imitators  of  eaeli 
other.  When  one  of  u-  i-  <lown- 
hearted.  we  are  .tpt  to  liecoine  happv 
and  yiad  -imply  \t\  iteiiiK  with  otiler 
pco]ile  who  are  iiap)>y  ami  ;,'lad.  If 
enoujiii  peo|i|e  one  at  a  time  tell  a  |per- 
feclly  well  man  that  he  look-  -ick.  lie 
will  actually  feel  ill,  jirovieled  lie  cloes 
not  suspect  a  .i;aine  i>.  iK-int;  pla\ed  on 
liini.  .'^o  a  i;ood  a<tor  carries  his  audi- 
ence witli  him.  lie  can  make  tlieni 
lauj,di  or  cry  ahiio-t  at  will,  and  if  lie 
vawns,  his  audience  will  iiejiiii  yawiiiiii,'. 
<  M'teii.  however,  tiicri'  i>  no  .ictinjj 
cotmecteil  with  the  yawiiiii;;  of  the  tirst 
person.  Then  the  yawn  is  caused  1)C- 
cau-e  tile  )ier-oii  i-  not  -endin;;  enou),'ll 
'..:ood  .lir  into  the  iuni;-  for  ]mrifvinj.; 
the  iilood.  and  the  \.iwn  is  onK  nature's 
way  of  makiiii;  us  take  an  ixception- 
.illy  deep  iirealh  of  air  in  at  one  time. 
I  his  lack  of  sufticient  ijood  ,iir  in  the 
lun^;-  may  not  lie  due  to  the  poor 
iireathintr,  lint  to  the  amount  of  liad  air 
in  the  room.  In  such  cases  it  is  i|uite 
hktl\  th.it  other  ju-ople  in  the  room 
\awn  wiii-n  one  of  ti  em  starts  it  iic- 
cau.;c  they  ail  iiejjiii  to  feel  the  need  of 
more  t'ood  .lir  at  aiiont  the  same  time. 

What  Makes  Me  Want  to  Stretch? 

rile  nece--ity  or  de-ire  l.i  -tretch 
comes  to  us  hecause  certain  jiarts  of  the 
hedy  arc  not  receivinj;  the  projier 
amount  of  lilood  circulation  and  it  i= 
ihe-c  parts  th.at  we  stretch  at  such 
times.  If  you  have  ever  iieeii  to  a  hall 
'.,'anie.  you  know,  of  cour-e,  tiiat  it  ha- 
liecome  cu-tomary  for  the  crowd,  no 
matter  liow  iars^e.  to  stretcii  its  Icl;- 
and  arms  durinjr  the  last  half  of  the 
-eventli  iniiiii},'.  In  fact,  that  has  cnine 
t"  lie  a  llxture  at  li.iil  shames  and  is  uni- 
versally known  as  the  "stretch  innim,'." 
.\ow.  it  is  not  so  much  the  result  of  a 
desire  to  encourage  tile  home  te.im  as 
tile  natural  following'  out  of  nature's 
law-  that  ori>;inaiiv  started  this  prac- 
tice Tlie  cikI  of  tile  seveiitli  innins;  at 
a  h.ill  i„rame  •;enerally  mean-  tiiat  the 
crowd  lias  iieen  sittini,'  (|uile  still  for 
tlic  ,i.;reater  ji.art  of  an  hour  and  a  li.df. 
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jfst  loti;;  oiioukIi  lnr  llu'  iiii  iil.itiun  [•> 
liivonu'  poor  ill  parts  of  tlic  limly,  ami 
the  ciistiiin  of  stU'tiliinj^  at  a  l)all  k-i""" 
thus  oiims  from  tlic  tK-ccssity  of  j;i't 
till!,'  a  little  more  -ijicod  into  the  action 
of  tile  tnait  to  increase  tlu-  hlood 
supply. 

hi  other  \vor(N,  the  stretihinj;  eon- 
>tit»iliN  ,1  niiM  form  of  exereisv'.  \im 
\\'\\\  noiiii-  the  hull  jilayers  them>elve< 
ilo  not  >tretch  tluin^clves  in  the  last 
half  of  the  seventh  iuninj;.  They  arc 
Uettint;   enough    e\erei>e    without    that. 

It  is  natural,  however,  for  ns  to 
-treteh  as  we  wake  up  froiti  sleep  after 
h.i\inj^  lain  <|uietly  in  one  poNition  for 
Miu-  or  more  hours.  It  is  nature's  way 
III'  iMU'-iiii,'  the  heart  to  work  fabler. 

VMiat   Happens  When   I   Stretch  ' 

W'h.ii  happen^  i-  >inipK  tl)i-~,  Wlieii 
you  stretch  your  arm.s  ami  \t-X>.  you 
MUieeze  the  arteries  and  veins  which 
are  a  part  of  your  arms  and  lei;s,  nnich 
.is  happens  when  nou  ]>u11  on  a  piece  of 
ruiiher  tuhinj,'.  'Ihe  tuhinj,'  hecomes  flat 
ir^tead  of  perfecth  round,  and  it  i>  not 
^o  ea-\-  to  send  water  tliroui,di  a  tlat 
tiihe  a-~  dirmii^h  a  round  one.  lu-t  so 
with  tile  iiearl.      it    i>  tlie  liean'^  Im-i- 

lus-  til  ^eml  111 I  tlirimu;li  the  arterii^ 

at  all  liine^.  and  when  \iiu  make  them 
tlat  the  heart's  joli  hecomes  ju>t  a  lit- 
tle harder,  and  it  fjoes  to  work  heatini; 
jii-t  a  little  faster  to  overcome  thi<  extra 
ihl'licuh\.  Ily  that  time  von  are  llinnii;h 
•^tretchiiiL,'  and  the  lieiirt  is  husv  ]inmp- 

ini,'  111 1  a  litlU-  faster  than  ordinariK  . 

and  th.at  is  what  makes  von  lei  1  .m) 
1,'fiod  .after  you  have  stretclied. 

Why  Can  We  Think  of  Only  One  Thinj,' 
at  a  Time  ? 

If  yiiu  are  askiuj^  the  (|iu-stiiin  iiitel- 
lii^ently.  you  must  know  that  to  think 
means  to  cnncemrate.  and  in  that  sense 
V,  e  can  niiK  tliink  nf  nne  lliiiii;  ;it  a 
tinie,  hecui^e  it  takes  .all  of  tllat  part  of 
die  hr.ain  which  is  used  for  thinkint^  for 
in-l  line  tliiii'.,'.  'I'll  iiive  close  atte  i- 
iHiii  til  ati\  line  ^ulijeit  means  to  turn 
the  entire  hrain  force  jiracticallv  in  one 
(lireclion.  \'n  let  other  thinsjs  pass 
i|iriini;h  the  niiiid  at  the  same  time  mav 


appiar  ni't  to  interfere  with  tin  one 
tliotiyht,  hut  they  do,  and  our  concln- 
sions  sutler  accorilin;,dy. 

Vou  can  he  doinj;  soniethin;;  with 
line  jiart  of  your  hody.  while  en);.ij,'ed  in 
thinking;  of  one  tiling'.  Imt  only  such 
thin>,'s  as  .are  more  or  less  mecii.inical 
as  tile  result  of  liahit,  such  ;is  walkiiii;. 
i.T  moviiij,'  the  arms — thin>,'s  which  the 
parts  have  done  so  often  th.at  actn.il 
.attention  hy  the  hr.ain  is  not  .ahsolutely 
essential.  Take  for  inst.ance,  the  f.ict 
that  a  man  in  ileep  tl!ou;,dit  on  one  suh- 
ject  will  sometimes  walk  i\]<  .and  ilown 
the  room  or  .aloni;  the  sidewalk.  He 
can  do  this  walkinj.;  ami  stil'  think  con- 
centr.itedly,  hut  if  he  stuhs  his  toe  on 
ilie  lej;  of  a  ch.air  or  on  .a  rouijh  jilace  in 
llie  walk,  his  thousj;ht  is  hroken.  Iiec.iusc 
die  hr.ain  immeili.itely  takes  itself  out 
(if  the  thonjiht  .and  ]).ivs  its  attention  to 
the  toe  that  was  stuhhcd. 

Why  Do  I  Turn  White  When  Scared' 

.'simple  Im.iU'e.  \\heli  Mill  ,ire  -wiled 
or  frif;htenerl,  the  hlood  .almost  leaves 
your  face  entirely.  I'nder  normal  coii- 
ditions,  the  red  hlood  which  is  tlowinjj 
ihroiifjh  the  .arteries  of  your  face,  jjives 
tie  face  a  reddish  tinjje.  and  your  face 
hecomes  white  when  vou  are  frii;htened. 
Inc.ause  then  the  hlood  leaves  the  face. 
It  is  i|tiite  siniiul.ar.  hut  when  you  arc 
re.ally  frii,ditem'd,  whatever  the  cause 
may  he.  the  Inim.an  sy-lein  receives  such 
;i  -hnck  that  the  lie.in  just  ahout  stops 
lieatiiifj  all  toj,'etluT,  Wlien  yonr  heart 
stops  he.atint;  ot  cniirse  the  flow  of  the 
Mood  from  the  heart  stops  and  then 
there  is  no  supply  of  fresh  red  piund 
cominsj  thnni.ijh  the  arteries  under  the 
-kin  iif  xnnr  face.  Therefore  you  limk 
white  the  color  your  face  would  he  if 
no  111 1  e\er  tlowed  tlirou£;h  your  .ar- 
teries and  \eins.  Some  people  have 
f.iccs  so  white  they  louk  as  thon.!;;h  thcv 
\>  ere  scared  all  the  time.  This  is  not 
hec.anse  they  have  no  hlood  tlowinc 
throni;h  the  veins  and  arteries  in  their 
faces,  hilt  hec.anse  their  sniinlv  of  hlooil 
is  less  than  other  people's.  ,and  some- 
<\nes  hecaiise  the  w.alls  of  their  arter- 
ies and  veins  are  so  much  thicker  than 
the  averai:e  that  the  color  of  the  hlood 
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iliii>  imt  >Imh\  liiimi^ii,  I  lure  .iri'  ,\\-i> 
many  pcoplo  wlio  have  mi  imuh  lilixtil 
in  tiuir  sy>tcMi>  all  tlu-  tiinc,  aiicl  tin- 
wills  (if  whdsi-  artiTii>  ari'  si>  thin,  that 
tliuy  liidk  at  all  liino  as  tliduyli  tlii-y 
niit;lit  Iiv  liln-liinj,'. 

What  M.ikes  Mr  Blush  .' 

AnytliinK  lli.il  will  niaki"  ynur  heart 
m'ikI  an  I'xtra  stipply  of  Idoocl  intii  thi' 
arti-rii-s  ami  viiiis  wliicli  supiily  \iinr 
face  with  liliMiil.  will  iiiako  ym  hhish. 
I'.inliarrassnu'nt  will  ilii  this.  Sii  will 
an^iT  jjcni-rally.  alihiiuv,'li  snnii'tiinfi 
pi(i|)k'  ^'rt  sii  anjiry  that  tlii'  lilmxl  is 
driven  out  of  their  faies.  In  this  case 
they  are  so  anj,'ry  that  their  heart  has 
■■tiil'Jicil    lii-ritiriL.'.   pr:irt!!-:i!l\- 

What  Occurs  When  We  Think; 

\V'lun  we  think  the  mind  is  ai  linj;  on 
sensations;  it  is  reeei\inj;,  in  eonjime- 
tion  with  memories  of  seiisatit.ns  it  has 
]ireviously  received.  Sensations  as  they 
reach  the  mind  arouse  the  mind  t<i  ac- 
tivity and.  as  soon  as  the  sensation  is 
received,  the  mind  begins  to  coni]iare 
the  new  sensation  with  si-nsations  re- 
ceived at  iirevious  times, and  hy  imttin^; 
thinsis  to^'itlier  reaches  a  conclnsion. 

When  \<in  are  thinkinj;  yon  are  re.iUy 
iiyintj  to  call  upon  memory  to  hel|i  you. 
^'^u  know  the  ihou.uht  of  one  tliiufj 
'  ilK  up  another,  and  this  leads  t<i  sonie- 
tiiinf;  else.  This  ;issociation  of  ideas  is 
ilie  faculty  which  enables  us  to  think 
1  onseculively  ami  accurately.  It  is  the 
hnsiness  of  the  mind  to  receive  the 
-msations  that  enter  it  and  arrange 
tliem  in  their  |pro)ier  place's.  That  mem- 
ory of  jiast  sensati<ins  is  the  iinport.ant 
I'.irt  of  thinkint;.  is  proven  liy  the  fact 
iliat  when  wi-  h.ive  foru'otten  .-i  thinjj 
\'  (■  .-ire  niialile  tti  think  what  it  w;is. 

Chii   Aiiini  '1 ,   Think  '. 

lor  this  re;i--oii  it  anim.ils  h.ive  mem- 
'  r\  they  should  he  .llile  t<i  think.  It  i< 
ii'iw  lielieved  th.it  m.iny  animals  have 
to  a  certain  extent  the  jiower  to  re- 
niemlier. 

.\  diii;  wdi  ri".  oyiM/.e  his  m.ister  even 
t!u)Ut;h  he  has  not  seen  him  for  years. 
We  niii;ht  thmk  he  does  this  hy  hi"! 
highly  developed  power  of  smell,  hut  if 


ii-  niasttr  li.i--  ^  ouie  irom  ;i  direction 
opiMisite  to  ih.it  from  which  the  <lot; 
lirst  sees  him,  he  could  not  have  tracked 
him  li\  his  >mell.  .\  <log  will  reco),'nizc 
his  m;ist«'r  from  <|uite  ,i  dist,uice,  so  he 
must  have  to  a  certain  extent  the  ahility 
to  rememher  or  the  power  of  associ.n- 
tion  of  ideas,  which  .iinount-  to  the 
-ame  tliin^'.  .\uain,  a  horse  that  once 
lielonj,'ed  to  the  lire  department,  even 
thou>;li  now  hitched  to  a  milk  wa).;on, 
will  h.ave  the  impulse  to  run  to  the  tire 
when  he  hears  the  lire  gon;;.  .\nd  an 
olil  w,ir  hor>e  will  prick  up  his  e,irs  as 
he  used  to  when  lie  hears  the  Inijjle  call. 

Why  Do  I  Sneeze? 

^  "U  ^ini/e  ^oinetiliiev  when  soil  l.ink 
1  p  at  the  •'Un  or  :it  a  liri]L;lit  lijxht.  There 
does  not  seem  to  he  any  real  j^ood  e-\- 
I'lanation  of  why  lookiii};  at  a  hrinht 
lifjht  should  m.ike  you  sneeze.  It  is  due 
to  the  eoimection  there  is  hetween  the 
nerves  of  the  eye>  and  the  nose.  N'ou 
generally  hlink  if  you  look  at  a  liright 
li>;ht  suddeidy.  and  the  hiinkinj;  jirocess 
stirs  the  ner\es  inside  <if  the  nose  to 
make  you  sneeze. 

Vou  know,  of  cour'-e,  that  the  >t;irt  of 
the  sneeze  is  inside  of  your  nose.  The 
nose  is,  hesiiles  heing  the  organ  of 
smell,  the  ch.innel  through  which  we 
t.'ike  air  into  the  lung-,  when  we  breathe 
jiroperly.  The  nose  is  lined  with  mem- 
lir.ines,  hack  of  which  are  a  net  of  very 
small  nerves  which  are  extremely  sen- 
sitive. The  membr.ines  are  ]il.iceil  there 
to  c.itch  and  hold  the  im]iure  ])articles 
of  matter  which  come  into  the  nose 
when  we  take  in  a  bre.-ith  of  air.  ami 
^luezing  is  only  one  ettective  w.ay  of 
cleaning  out  the  iio--e.  It  is  brot'igl#  on 
only  when  some  ]iarticularly  dit'ticnlt 
job  of  nose-cleaning  h.is  to  be  done 
Pepper  up  the  nose  will  make  you 
^neeze  i|uickl\.  because  pepper  pro- 
d.uces  a  very  great  irritation  inside  the 
nose,  .■md  the  nose  goes  to  work  at  once 
t<i  get  rid  of  it  in  the  (|uickest  possible 
manner  as  soon  .is  the  ])ep]ier  conies  in. 
( Hlier  things  h;ive  the  same  eti'ect. 
SonietiiiKs  a  col.i  in  the  head  c;ui^c< 
vou  to  sneeze.  The  sneeze  in  that  r\rnt 
is  merely  nature's  effort  to  clean  out  Uio 
iio-c  ulun  other  efforts  have  failed. 
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I  lulc  .iiL  m.iii)  ^ll^;^;l  >ti<<ii>  for  stO|)- 
I'liK  a  Miiczc  hcKirc  it  takes  placi-,  altir 
uiii  fi't'l  it  I'omiiij;  oil,  Mich  as  |itittiii^ 
tlic  tiiiKiT  (Ml  raili  sidi-  nt  tiu'  nose,  and 
many  (itlu-r-..  Mill  a  liall  mu-ozi-  <loi"» 
not  rt'iiKivi-  till'  imum-  1)1  the  mu-czi-,  so 
it  is  niiuli  lii'ttiT  to  siii'i'Zf  it  iiiit.  aiKJ 
many  )k'<i|iIi'  enjoy  the  alter  effects  of 
-me/inj,'  so  iiuich  tliat  they  take  siuitT 
ii'tn  the  nose  to  |irnihtrp  it 

What  Happens  When  I  Swallow  ' 

I  hi'  iiui-cles  of  yunr  throat  act  in  the 
form  of  a  riiij»  when   f<M«l  passes  into 

your  throat,     'i'he  f 1  iioe->  not  drop 

<lireetly  into  your  stomach.  In  otlier 
worijs,  the  action  is  not  i|uite  the  same 
as  wiieii  you  drop  a  stone  out  of  the 
window.  When  you  do  liie  latter,  the 
'-tone  hits  the  sidewalk  or  whatever  is 
below  at  the  time,  with  a  smash.  It 
would  hardly  do  to  h;ive  our  fooil  dro]> 
into  the  stomach,  so  the  muscles  of  the 
tliro;it  are  arr;ui),'ed  to  contract  in  rin),'<< 
which  iiusli  or  squeeze  the  food  down- 
ward, and  the  fo(.<l  is  passed  from  one 
rini;  of  mu>cles  to  ilu'  other.  It  is  just 
like  pusliinj;  a  h.itl  down  into  the  foot 
I'f  a  slorkin},'  th.at  is  ap]);irently  too 
-in.ill  for  it  to  drop  down.  \'ou  ])Ut  the 
I..1II  in  the  to])  of  the  stockinij  and  then 
li>  niakin;j  a  rinj;  of  your  l'mj,'ers  iirouufl 
tlie  stocking;  you  c;'.ii  |)Ush  the  hill 
down.  When  you  swallow,  you  start 
lie  nut^cli-  of  your  ihro;it  to  makin>; 
tl;e-e  rin,i;s.  I  he  upper  rini;  s(|uei'/es 
ihe  food  c>n  to  the  rini;  helow  it  and  so 
I'll   down  to  the  stom.ach. 

What    Makes    the   Lump   Come    In    Mv 

Throat  When  I  Cry  ? 

The  "liiiiip"  wl'i.'h  comes  up  inio 
your  throat  wlicn  you  cry  is  caused  hy 
.1  sort  of  p.iralv^is  of  the  rin^fs  of  mus- 
cles in  your  throat.  The  muscles  of 
your  ihroal  can  make  these  riiif^s  or 
waves  upward  also,  hut  it  is  more  dif- 
licult  upward  than  ilowiiward — ])rol)- 
;iMy  liccause  of  lack  of  i)ractice,  as  we 
^::y.  ^^'!1^;n  y»n  have  ;nit  s.-inictlv-r-j 
ii.to  yiii'.r  ^tiini.ah  lliat  makes  you  sick 
iiiid  c.iu--c^  \iiu  to  vomit,  tlu'  thro.'it 
ruiscles    taki-    the    ni.ittiT     froiii     \()\ir 


stomach  .ilid  iillii^  il  h.iik  to  the  luouth 
in  the  same  w;i  ',  except,  of  course, 
that  this  action  hejjins  at  the  l)ottom. 

Sometimes  when  you  cry,  or  lo.e  coii- 
Irol  of  your>elf  ill  some  oilier  way  (you 
know,  of  course,  that  in  cryiiij;  you  al- 
ways lose  control  of  yourself,  don't 
>ou)  practically  the  s.iiiie  etfect  is  ])ro- 
duced  as  when  you  have  soniithmj,'  in 
>our  stomach  lli.it  shouM  come  out. 
I  ryin;;.  or  the  thin;;  th.it  hajipens  some- 
times when  we  cry,  lu.ikes  the  thro.il 
muscles  act  just  as  if  we  were  vomit- 
in;,',  and  as  the  action  is  an  unn,'itur;d 
one,  when  the  rin^  or  w.ive  reaches  the 
top  of  the  throat,  we  feel  the  lump  or 
h.dl  as  we  call  it.  We  feel  the  lump 
hecause  the  thro.'it  ha.^  heen  made  to 
),'o  throu),di  the  motion  of  eliminatin;; 
somethin;,'  in  ;iii  unn.itural  way,  just  ;i« 
your  arm  will  hurt  if  you  ])retend  to 
I'.ave  a  hall  or  a  stone  in  it.  and  in 
t!irowi!i;j  the  imaginary  h.ill  or  stone, 
you  put  the  s.ime  force  into  your  move- 
ments ;is  you  would  if  you  had  .an  ac- 
tual hall  or  stone  in  your  h.nid  .and 
were  seeing  how  far  you  could  throw 
it. 

Vhy  Do  We  Stop  Growing? 

W'e  eventually  stop  ^rowiu;;  hecause 
certain  of  the  cells  of  the  l)od\  lose 
tlu-ir  ability  of  increasin;j  in  si/r  .111.' 
|irodi"'Mii,'  olhi-r  cells.  It  is  one  of  the 
!'\-ir\iK  ni  ilir  n  iii^tnu-licil  of  tlir  lin- 
iiian  b(jdy  that  this  i^  >o  and  one  of 
the  wisest  ])rovisi()ns  also.  .\t  fir-.t  the 
cells  of  the  body  crave  lots  of  focul  .md 
increase  in  size,  divide  .uid  thru  tho 
parts  go  on  growiti;;  until  the\  lieconie 
of  a  cert.'iin  size,  when  they  a;;ain  di- 
v'de  anil  each  ])-irt  ;;oes  on  ;,'row;ni;. 
Uc..  .-ind  tlul^  We  Kf'w.  .V  ;;rowinjj 
boy  needs  more  food  than  ;i  mature 
man.  because  he  needs  sonu-  of  it  to 
;,'row  with,  while  the  man  only  h.i-  to 
keej)  wh;it  fjrowth  he  h.as  goini;.  i.  e  , 
ah've, 

W  e  say  this  limit  of  n;row  tii  is  a  wise 
provision  of  nature  hecause  if  tin  re 
"vore  r;0  limu  10  t':e  size  wc  mighr  lii.- 
c.iiiie.  we  would  not  know  how  large  to 
build  bouses,  barns,  etc,  or  else  we 
would  have  to  biiiM  thcin  so  !ar.:^e  to 
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-iart  with  tliat  wo  wmill  In-  In-i  in  iluiii 
hir  a  loiiK  tiiiif.  \\  (.■  would  C(jii>lamly 
111.'  turccd  ti)  cliaiij,'c  tlii-sc  lllin.i;>  and 
there  would  he  iiu  hasis  to  reckon  frori. 
Hogs  inijjlit  he  a-  hig  a>  ele]>hants  uiul 
then  they  would  he  of  no  use  ;o  us. 
or  of  what  u-e  would  a  dot;  a  -  hiy:  as 
an  eleiihanl  he  to  a  hoy  of  five  years. 
\'ou  see  it  would  not  do  at  all  to  have 
this  rule  chan,i,'ed. 


Why   Do  Wc  Grow  Aged  '. 

We  age  <hreetly  in  accnnlaiioe  witii 
the  hve>  we  lead.  N'ou  ean  he'nl  ;'.  wire 
haek  and  forth  a  luiinher  of  times  at 
liie  same  jMiint  without  hreakiiii;  it.  hui 
eventually  it  will  break.  Just  so  with 
the  human  hod\.  Vou  ean  use  each 
I'.art  of  it  for  it-  own  imrixises  .i  nutn- 
hir  of  tinu-.  hut  eventually  the  h\eak 
will  come.  '  'r.  >ou  ean  f.iil  to  make 
a  jiart  of  it  ]>erform  its  rej;ular  func- 
tions, and  it  will  die —the  hreak  will 
come.  ilie  human  hody  is  the  most 
wonderful  in.ichine  in  the  world,  hut 
even  it  will  eventually  wtar  out.  I'.very 
tnue  vou  move  \imr  arm.  le.^'  or  some 
other  part  of  vour  hody.  you  ilotroy 
some  ti--nes.  The  hoily  reiilenishes  and 
huild^  up  tho-e  tissues  ai;ain  for  a  cer- 
tain time.  When  >on  hen>l  a  joint  in 
your  hody.  the  hoijy  oil>  the  joint  nat- 
urally, hut  as  you  sjrow  older,  or  rather, 
as  you  u>e  the  "lilVerent  parts  of  your 
hody  more  an<l  more,  it  brings  nearer 
ahviiys  the  time,  when  the  hody  can- 
not, of  its  own  accord,  huild  ui>  again 
ih.e  tissues  you  have  destroyeil.  'Iliat 
is  why  some  peo])le  heeotue  very  old  at 
fortv  and  others  are  >till  comparatively 
voui.j;  'It  seventy.  It  rei|uires  a  great 
deal  of  care  and  .attention  and  the  -hmi- 
nation  of  .ill  ahuse  of  the  body  to  keep 
n--  young  when  we  are  old.  'I  he  use  of 
drink,  lack  of  sut'ticient  sleep  and  other 
abuses  jirevent  the  hody  from  restoring 
the  tissues  which  have  been  destroyed. 
Worry  and  sorrow  age  tis  very  rajiidly. 
becatise  these  things  affect  the  nerves.  If 
the  nerves  ale  ll>'t  fjuict   we  e.innot  .urt 

anv  rest  and  without  rest  we  grow  old 
\ery  rapidly. 


What  Causes  Wrinkles? 

W  rinkK  s  conu-  to  iis  in  several  wavs, 
.\n  eas\  way  l"  cause  wni.kles  is  lo 
s.ciwl  and  frown  and  get  into  tlie  halnl 
of  doing  this.  When  \uu  seowl  or 
frown  \ou  Jiucker  up  the  skin  on  MHir 
forehead  into  wrinkles  and  it  mui  <-on- 
tinue  the  habit  the  skin  on  \onr  fore- 
head makes  the  wrinkles  ].ernianent. 
N  (HI  ha\e  given  \our  skm  the  wrinkle 
l-.abit.  This  :ic|s  just  thr  same  wa\  a" 
your  .arm  would,  if  \oii  tied  it  up  in  .i 
sling  .md  held  it  dose  to  your  side  for 
a  very  long  time- -a  mimher  of  weeks. 
When  you  took  the  sling  off  \oii  wnnM 
find  vour  .•irm  useless — ,i  dead  .inn.  It 
i;:id  developi'd  the  ii.ibil  of  iloing 
nothing. 

In  old  jieople,  houi\er.  wrinkles 
come  more  n.itur.dly.  Ihi  i  e  it  is  the 
case  <if  the  skill  not  receiving  the  proju  r 
nourislimeiit  .-md  atteiuion  to  I  eeji  ilu 
circulation  '  the  blood  right  Wlin: 
piople  become  old  thev  are  ;ipt  to  lose 
tlie  fat  wiiich  has  accumulated  under 
their  skins,  if  diey  had  taken  jii-l  the 
rigiit  ;imount  of  exercise  .ill  fit  their 
lives  and  kejit  their  circul.ition  jierfeet 
in  all  ]iarts  of  the  body,  there  woiiM 
have  been  no  fat  there,  liitt  when  the 
f.it  .tccmutllates.  it  makes  the  skin  grow 
l.irger,  atid  theti  when  the  fa!  disap- 
l>ears  .md  peojile  get  thin  atr.iin.  the 
skin  is  too  large  and  iii.dNC-  the 
v.  rinklrs 

Does  Tiiuiider  Sour  Milk' 

Mdk  will  sour  in  an\  kind  of  warm 
.and  moist  temperature  and.  because 
just  before  and  during  a  thimdiTstonn 
the  air  is  gener.allv  i|iiite  warm  ind 
moist,  it  is  onlv  natural  tli.it  it  slmnM 
turn  sotir.  It  is  wrong,  howewr.  to 
s.ay  or  think  th.it  thunder  makis  milk 
sour.  'I'liunder  is  only  ;i  noise  and 
noise  cannot  <lo  auvthiug  but  make  it 
self  heard.  The  I'act  that  it  is  t'.n 
et.ally  warm  and  moist,  however,  wh>ii 
it  thunders,  couiiled  with  the  faci  lii.ii 
these  conditions  of  the  air  sour  milk 
very  njiidlv  .  have  led  peo])le  lo  con 
nect  the  two  in  their  minds  .and  c.ittse  I 
tlirHi  t'r  f::!!  iiHo  the  error  ■•>  '•:■':■-:::- 
that  the  thunder  is  responsible  for  the 
change  ill  till'  milk. 


\\H\    THHRL  r^-.lli  SO  MANV   LANUl  AOLS 


What   Makes   tlie   Rings   in   the   Water 
When  I  Throw  a  Stone  Into  It  ? 
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'III     l'r"in    thf    I'l.int    w  lnTr    tlio    |icbbk- 
.nurol   tile   w.iltr  in  all   ijircclioiis. 
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I".vi.Ty  liKivi'imnl  li.i-  a  lii.';,Miiiiiiit,'. 
\>lieii  a  niovi.'iiK'!it  "ii  llif  cartli  is  oiui- 
started  it  koi'iis  (m  .uniiii,'  inilil  soino- 
ihiiij;  st<)])s  it.  if  niitliiiit;  ^tups  it  it 
u  ill   U"  (111   fiirrVLT, 

W  lnii  \mu  -1)1  lilt  \(iu  --tart  air  waves 
spoilt,!,'  Ill  i\x'r\  ilirixliKii,  \\liii.-h  kccjis 
or.  t,'oiiiL,'  until  ^tupped  hy  -nmctiiiiijj 
wliicli  has  the  pnwir  to  hriak  up  tluir 
vavcs. 

Will  11  \iiii  tlirijw  a  stoin'  intii  tin- 
mran  yn\  ^tart  a  "-(.Tii-s  ni'  rippK--- 
(ir  \va\(.'s  which  >pri'a(l  out  in  cmtn 
iliriction  and  it  vnu  dropped  vour 
-I'liK'  itilii  the  (.xari  itiiddk-  'it'  the 
iKxan--  half  way  from  each  side — 
in  a  prrfeotly  calm  -ca  undisturhed 
li\  otlu-r  liifcc^.  xdtir  rini;  of  rip- 
pK>  Wduld  ^o  on  ccttiiiL;  larL;iT  tii'lil 
it  landed  on  the  heach  or  ^Imre  mi  lach 
side  I't  the  ocean  at  tin-  cxactlN  the 
s;!iiie  titne  and  there  the  heaeh  or  -hure 
would  sto])  it. 

The  original  rini;  of  rip]iles  is  caused 
Ii\  the  fact  that  when  you  dro]>  a  stone 
ii'to  the  w.iter  it  di^turh^  the  water 
where  u  '.^fuo  in  anil  the  water  mines 
a.vav  iruni  the  stone  to  the  ^i'le-.  and 
as  tile  ^luiie  '.^'oes  <lown.  ii\er  ,iiid  tip 
.•dinve  it.  .llld  the  w  In  .le  IiihU'  ,ii  the 
\,aler  is  disturbed  in  such  a  w.i\  ih.it 
makes  the  rijiple  appear  on  the  ■.urf.ice 
.and  spread  out  in  every  direction.  As 
the  ^loiie  yoe-  di  iw!i  into  the  water 
further  and  further  the  .li-turbaiue  is 
repeatecl  and  riu'.^  .after  riii'.:  .ippe.ir' 
on   tile  surface. 

(  If  course  there  .are  ni.iiu  di-iiirb- 
ances  in  the  water  at  all  lime-.  M.my 
thius.;s  may  happen  to  bre.ik  up  ymir 
little  riiii;  of  ripples  before  they  touch 
ih.e  sides  of  the  ocean — a  ship — a  li^h  — 
tl'.e  wind — or  one  of  tnauy  other  things, 
and  l.'ecause  this  is  true  >ou  wouM  h.ivp 
difticulty  ill  setidiuK  the  waves  m.ade  bv 
vour  little  peblile  across  the  ocean,  but 
\><\\  can  take  a  ilishpan  frmn  the  kitchen 
.!!■■!  :ifter  t"!lli!i'.i  't  witli  w.iter  drnp 
pebble-  intM  it  .a-  iiearl\  the  middK'  as 
pi.'.-ible.  .and  mhi  will  '•ee  the  ripples 
or    waves    yuur    pebble    makes    spread 


Why  Are  There  Many  Languages? 

Ilitleretlt  lanL;uaj,'es  developed  in  dif- 
fi  rent  ji.arts  of  the  world  becau-c  there 
was  no  intcr-communicatiMn  between 
people  in  ilil'feri'iit  commnmtie-.  and 
each  w.a-  re,ill\  developing;  a  lan^uai^f 
for  itself.  In  diiin.!,'  sn  they  ileveloped 
t':eir  lan.i;iia.i;e  without  knowing;  that 
e'liei-  CMmnuinitie-~  were  wairkin^  mit 
tlie  -ame  problem-  fur  tluin-eive-.  ."^o 
ll.ev  first  (k'\e!oped  their  own  -i'jn  .and 
Ke-ture  lati.t,Hia.i;e  and  liter  on  their 
V  ord  or  -otmd  laii'^n.a^e  .and  ki  pt  on 
I'sint;  it.  \\  biU-  llie\  ina\  tliii-  b.ave 
■  liveloped  the  u-e  oi  -omc  of  the  -,ime 
s-i^ns  and  -ouiiiN  or  combination  of 
-ounds  to  exjiress  one  thini;  perfcetlv 
uiiderstatldable  to  theiiiselve-,  tlic-o 
-I  11! id-  or  combination-  of  sound-  iiiiLjlit 
iiie.in  something;  eiitireh  dillereiit  to 
another  coniiminity.  where  that  partic- 
ular sound  or  combiti.ation  of  -oimd- 
may  have  been  hit  upon  'o  iiie.ni  -onie- 
thint;  entirely  dill'eretit. 

<  M'  conr-i-.  not  ,ill  l,n!^'iia','e-  were  de- 
veloped in  ihi-  w:iv.  Tliere  ;ire.  von 
know,  a  L;real  maii\  lanL;nai,'es  n-cd  in 
thi-  workl.  Some  of  them  ,are  otT- 
-lioois  or  otlu  r-.  wli.re  ]i.irt  of  a  com 
imtnit\  nio\ed  to  .mother  ji.art  of  tlu- 
v'orld,  l,l]^iIl;J•  their  ImsjiiaL;!  with  them, 
but  devclopiiiL;  ii  further  .doii.u  new 
hue-,  and  u-iiii;  new  combin.atioii-  of 
-otinds  for  new  wurii-  riien  al-o. 
there  .are  ni.aiu'  word-  which  mean  ,!ie 
-;  me  lliini;  in  dilTerent  l.aii<;ua,i;es  .and 
.re  -iHiken  with  practic.all\-  the  -anie 
-oniid-.  'Ihi-  is  ihie  to  t'-e  nio\ement 
o''  people  from  one  nation  to  .aiiotluT 
and  brinj^itif,'  their  own  word-  with 
them,  so  to  spe.ak.  In  m.nu  iii-lances 
,1  -tranter  would  come  to  .another  n,a- 
lioii.  and  u-e  his  own  word  for  ex- 
l're--iiiL;  a  certain  thill};  and  that  would 
e\entnalK  be  taken  up  and  n-ed  a-  i 
belter  word,  .and  the  oM  w.^rd  i'  ip|ie(l. 
Il  i-  -tr.iii'ie  ih.al  ibi-  -bimtJ  h,-  iriie 
but  this  .aceonnt-  for  the  f,i,i  ili.at  ni.mv 
word-  lie  the  -anie  in  sound  .md  mean- 
int;  ill  iimneron-  limjuajjes 
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WMM  I'koDicis  iMi;  wMisn.i;  oi  thi;  Mirir: 


What  Makes  a  Matili  Liglit  Wlua  We 
Stiike  It? 

I'lif  match  li.u;lits  wlu'n  wo  ruli  il 
alo'ii;  a  rnir^li  siil)NiaiK\'.  l>i.\aUM.'  the 
r;;l)l)iii^  proihioi^  "-uttKii'iit  heat  nii  ihi' 
did  uf  iht-  iiialih  tci  sot  liro  to  ihi-  luail. 
a.".  \vc  call  it,  which  is  inaiii-  of  chem- 
icals tiiat  li.u'ht  more  ca-ily  ihaii  the 
-•tick  of  wood,  which  i>  the  re>i  of  the 
match.  Tile  lire  tiui^  >tarted  i--  hot 
inoiijjh  a;id  liiirns  loiii;  etiouuh  to  »et 
l-re   to  the   wooden   pari   of   tile  tnatcii. 

To  explain  thi>  more  filll\.  let  me 
>ay  liii>.  Killi  your  linger  i|iiickly  aloiit,' 
\(nr  coat  -leeve  or  aloiiij  the  seat  of 
\>)iir  troii>er^.  Ions,'  a  favorite  jtlace  for 
men  to  strike  matches,  inetenclin^  that 
xour  tiiii;ir  i-  a  match.  \>i\\  lind  the 
,iid  of  \oiir  linger  hecoiiie-  warm,  ilon'i 
roll  ?  .Not  u.irm  enoii;;h  to  -el  \oiir 
fmfier  oil  lire,  of  ioiir>e.  hut  if  \oii  had 
ihc  '•anie  coniliiiiaiion  of  i-hemicaK  on 
the  end  of  \onr  lin^jer  that  there  i-  mi 
the  match.  \on  umild  -el  the  cluinicul- 
atire  and  t'i-  wllld  Inirn  \c«iir  linijer. 
jli^t  as  it  -el-  tire  to  tiie  woo.len  )iart 
o;  the  match. 

It  took  a  yreal  mar 
cover  the  comliin.itioii  oi  liuiHk.il-  oi 
which  ihe  head  of  the  m.ilch  i-  maili-. 
I'.efore  that  iliscovery  wa-  made  it  \va» 
far  from  ea-y  to  lii.;ht  the  lii,'ht  in  the 
eveiliiiira-  it  i'-  now.  It  iiiil-l  have  heeti 
a  -erion-  ihint;  to  let  the  re  >.;.  ■  out  in 
the  furnace  in  tho-e  ilav  - 

What  Makes  the  Kettle  Whistle? 

liie  kcttli  wln-lK-  only  when  the 
water  hoil-  .iinl  the  -team  i>r  ;:a-  whiih 
i..  the  form  the  water  turn-  into  when 
hoilint;  is  tryint;  to  e-^cape  thronjih  the 
-]iont  oi  the  kettle,  ^'ou  >ee.  when  the 
w.iter  -l.irt-  hoilint;,  the  in-ide  of  tlie 
'  ■ttle  i-  .11  once  Idled  with  -liam  and 
more  i-  i-otnini;  out  of  the  water  .ill  the 
time.  Ihi-  -team  mu'-t  .ijet  out  some 
wav.  <o  it  ni-hi's  for  the  si«mt  of  tlip 
kettle,  and  hecau-e  -o  much  of  it  i-  try- 
i'lil  ti>  Uct  out  of  a  coniiiaratively  -mall 
opeiiini,'  at  once  there  is  <|inte  a  pres- 
.-urc  .and  thi-.  re-uh-  in  m.tkiii.i;  the 
whi-tle  out  of  the  -pout  of  the  kettle. 
It  i-  just  the  -anie  unices-  a-  when  yon 
whistle   vourself.       To   whistle   vou   till 


'. '  iH"  iiiiiiilh  w  nil  :iir  .-iiid  lorce  ;l  "iiii 
llii>MiL;h  Mriir  lip-,  which  yon  have 
ilo-ed  e.\ceiitinj;  for  a  small  ojienini;. 
Iiy  the  pre-suri'  \ou  ean  liring  to  he.ir 
with  the  roof  and  sides  i>i  \iiur  iiKHith. 
and  if  vou  have  learned  to  make  \iiur 
lips  into  the  proper  -hape  and  a|)pl\ 
the  pressuri'  -te.idily  you  can  sound  a 
\ery  Ions,'  note  and  make  diUereiit  notc- 
l.y  makint;  the  o|ieninv;  in  \-our  lip- 
l.Tfje  or  -mall.  The  kettle  sjioni  h.i- 
only  one  -i/i'  of  openins.;  so  the  -ouiid 
is  jir.icticallv  the  -ante  at  all  tinie- 
tl'ou>;h  louder  .it  sometime-  than  at 
others.  This  is  caused  liy  the  varyincr 
ptes-ure  at  which  the  -team  in  the  kct- 
tli' is  heiiiji  forced  out. 

What   Makes  the  Waici    From  a  Foun- 
tain Slioot  Into  tlie  Air  ' 

I  he  w.iler  triini  liir  innnt.ini  -lioot- 
into  the  .lir  hecau-e  water  .anywhere 
will  run  down  if  i;i\en  ,i  chance.  To 
produce  a  fountain  vou  must  have  a 
-I'lirce  of  water  »uppl\  for  the  fountain 
V  Inch  i-  ln\dier  tli.in  the  openintjs  of 
Hie  fonntain  out  of  which  the  water 
hoot-.  'I  he  water  come-  out  of  the 
hole-  in  the  fountain  for  the  >ame  rea- 
-on  that  il  come-  out  of  the  f.iucet  in 
tl,  itchen  or  hath  room  In  the  lat- 
ter se  the  watjT  come-  from  the  wa- 
I>rwork-  re-ervoir  in  whiih  the  level  of 
Ihf  w.iler  i-  iiutch  hi.nlur  than  the 
openinj;  in  tlu'  faucei  in  your  home. 
I'.eiiiK'  liis;lier  the  w.ater  in  tlie  re-ervoir 
i-  Iryinj;  to  yet  away  ihrouyh  the  pipe' 
all  the  tiiiu-  .and  .ill  the  jiipe-  le.idiiiL,' 
from  the  re-ervoir  .ire  full  of  this  w,i- 
ttr  tryinj.;  to  net  .iway.  Just  ;is  -oon  ais 
you  turn  the  v.ilve  in  ilie  faucet  the 
water  comes  tint  ;md  run-  down  into 
the  howl. 

If  yoii  were  to  turn  the  openins;  of 
the  f.iucet  up  in-te.ii|  of  down  .as  it  is. 
the  w.iter  would  shoot  up  in-te;i<l  of 
ilcwii.  N'ot  very  much,  il  i-  true,  hul 
i'  woulil  .act  much  like  the  water  from 
the  fountain.  The  reason  it  rloe-  imt 
shoot  up  hij;li  in  the  air  like  a  fount.ain 
i-  hecau-e  tlie  (>]>iMiiiij;  in  the  faucei  i- 
the  same  size  as  the  i>])eniin;  in  the 
little  pipe  which  leads  the  w.ater  from 
the  street  iiitu  ihc  house.    If  vuu  wuul  I 
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li-ni  ilu  "iiK'nmc;  ni  ilio  lauool  \)]i  ami 
attacli  tii  It  a  i'i]'r  wliirh  iiiinli.'  tlir 
opening;  imuii  ^nialKr  (  ilu-  ^i/r  cii  tin- 
iijuMiiuL;  in  tiir  li  miilani-- i .  \  uu  uiniM 
sii.'  tlic  water  sliDDt  nit"  llir  air  jii-t  a- 
it  iloi-s  I'roiti  the  toiiiitain.  \\  lu-ii  vmi 
richtcc  till'  size  (if  tlie  ()i)eiiin';  mui  in- 
crease tlie  ])ressure  (if  the  uatn  •.■i;n> 
inj;  frmii  the  |ii]ies  in  i'  xirlinn  ti'  the 
reiliictiiin  \()ti  have  iiui'ie  in  the  ~i/,e 
(It   the  (i]ieiiitij;- 

\\  ater  frdiii  the  fdtintain  will  tint, 
liowever.  shoot  as  lii^h  as  the  le\tl  ot 
the  water  in  tlie  reservoir  heeaii-e.  a^ 
soon  as  it  leaves  the  ]ii])es,  it  eiu-oiint- 
crs  the  ]>re>'-ure  of  the  air  otitsiilc  the 
|'l)es  ami  thi'  law  of  ijravitatioii  wlmh 
|iiill>  all  thiiiijs  toward  the  center  of 
tl;e  earth. 

li  i^  not  natural  for  water  to  ^liout 
into  the  air  a~  it  Aih--.  in  a  lonniain. 
riir  onlv  way  water  can  j,'o  naturally 
I  Mown,  and  it  only  Ljoes  u])  a  little  way 
from  a  fountain  lnTan--e  of  ilic  j're^- 
S'lre  of  the  water  in  the  ]'ipe-  hrliind 
the  oiieliini^s  in  the  ]ii]ie^  in  the  loun- 
taiii. 


Wiia*-  Keeps  i  Ballonn  Up  ' 

A  !  illoi'ii  siays  iiji  in  the  an',  lieca.if^o 
iif  the  air  in  it,  to.ijether  with  the  w.'i-ht 
of  the  halioon.  is  less  than  an  ei|nai  htilk 
of  the  air  in   \vhich  it  floats. 

In  fnniu  r  davs  of  hallooniiiu  the  hal- 
ioon- were  Idleil  with  hot  air  .and  wwo 
ll'.en  found  to  ri-e  and  stay  nji  niiul  the 
air  inside  of  the  halioon  hecaine  ot  the 
same  teminTatttre  as  that  in  wlii.li  il 
lloated.  When  this  sta.s^e  w.i-  reachei!, 
the  htdloon  itself  would  fall  because 
the  material  of  which  it  w.i-.  nia(;.  was 
dfiKer  than  air. 

Today  lialloonist-  I'l'l  their  halioon ' 
with  <;as  which  i~  li:;hter  than  air  vwu 
when  as  cmil  ;i-  ilu  .lii  ni  wlitch  ihcy 
rise  and  are  llui-  ahle  lo  -la\  u|i  i  l(-'i'i.Cf 
t'tne. 

N  on,   of   course,   have   --een   nianv  of 

tl,r  red.  white  and  hhie  paper  h.dlodiis 
_    *  _    .         _  .     .^.         .,     .i._      !-_  .....1.     ,^f 

July.  "S'oit  will  reiiieiiiher  that  fatlier. 
(1  who,\rr  it  i-  lh.it  i-  -endiiiL;  theiii 
np.  Imhts   the  oil-sijaked  knot  eif  cloth 


ili.it  1-  ,attariird  in  il.c  l.alloun  iuimedi- 
ateK  lielow  the  openini,;  at  the  hottoni 
lie  lir>t  lij,dits  this  and  then  holds  the 
l.,illoon  for  a  time  with  hi-  hand?. 

.^ooii.  however,  you  will  rememher 
that  the  halioon  starts  upward  with 
f.ither  still  holding  it.  This  is  hecatisc 
the  air  inside  the  halioon  is  hecouiini^ 
heated.  \i<\\  will  notice  also  that  at 
I  r-t  lu  h,i-  to  hold  out  the  sides  of  the 
top  of  the  halioon  with  his  hands  or 
h..is  some  (mv  helji  him  do  this,  hut  tli.it 
(Mil  -o  the  halioon  doe-  not  -t.ind  out 
ri'iind  and  full  as  it  should.  When  ihe 
halioon  starts  to  rise,  however,  \"ii  will 
notice  that  it  is  round  and  full.  Ihi- 
i-  hecan-e  the  air  in  the  hallo. m  lia^ 
lircoine  heated  and  i-  exiiaiidm>;.  .^oon 
tile  h.illoon  is  tui^gint;  to  5,'et  away  and 
fat  hi  r  let-  ijo  and  it  ri-es  and  sails  au.av 
with  the  wind.  \-  l"n.i,'  as  the  lire  he- 
I(  \\  it  luifn-,  ;nid  if  the  wind  does  not 
np-et  il  -<  a-  to  m.ake  the  |)a])er  ii.art 
latch  lire,  the  halioon  will  stay  up;  hiU. 
w  hen  the  tiri-  Imrns  oitt,  the  halioon  will 
cMine  down. 

The  halioon  merely  rise-  heeau-e  the 
air   in-ide    anil   held  there  hy   the  co\ 
erinij  of  the  halioon,  is  warmer  air  and 
liu;hter  ilian  the  aii   o;i  the  mitside. 


Why   Lid   People   of     Loi.g    As;o    Live 
Longer  Than  We  Do  Now  ' 

Wlien  re.adin.i,'  of  ]icn]ilc  who  lived 
loni;  \ear-  ai.;(i  and  esjiecialK  when 
re.adins,'  ahuul  the  len,i;th  of  their  lues. 
We  are  told  that  m  the  old  il.ay-  people 
li\ed  Ions,'er  th.iii  they  do  now.  Some 
o."  the  early  historical  records  speak  of 
sintjle  mdividu.ds  who  lived  liundred- 
o\  \\.i:  !:.?.e  ;s  u'leat  douht  as  to 
vliether  tlie-c  stiilv.-mc;its  arc  founded 
on  fact.  In  thinkinjj  a')out  this  w  p 
11U1-!  i"ir-i  t  ikc  into  cof.sideration  th.il 
i.iesc  records  cf  lone  ajjcs  were  rc- 
eorded  at  ;  time  when  m,in  had  no  ai,- 
eurate  ideas  r.f  tne  .actual  jKissatje  -.ti 
loni;  periods  of  lime  such  as  a  year 
I'hcy  (lid  not  nave  ovir  calendar  as  a 
'■"■='':  for  '"iji.rin.s  at  all.  T-carned  "!'•"■: 
now  tcil  us  that  the  actual  age  cf  ueii 
wh(j  lived  at  the  time  these  re.ords  of 
1,'reat  a!:^es  were  recorded  probably  lived 
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sliorUT  lives  than  \m'  ilo  now,  aii'l  lli.it 
wlial  they  record  .i^  a  jivriod  of  one 
year  was  |)n)l)al)ly  a  inuch  shorter  per- 
il"! than  one  year. 

it  is  true  heyond  the  (luestion  of  a 
ilniiiii  that  the  |ieo|ile  of  today  hvc 
lonijer  on  tile  avenijje  tiiaii  people  who 
hved  ten.  twenty  or  more  years  aj^o. 

In  other  words.  liie  averajje  perioil  of 
life  has  increased  steadily.  This  js  ihie 
to  the  f;ut  that  we  have  taken  .s,'reat 
care  of  our  hodies  :  have  improved  the 
condition-  in  whirh  we  live,  and  made 
them    more    ■-.■niu.ir\  ;    have   learned    to 

I  fiLdit  and  cheek  and  e-radicate  diseases. 
\\liich  only  a   few  years  nj;o  we  could 

•     nut  prevetU  |>e';'ple  dyinj;  of  when  they 

j  once  contracted  them,  and  we  know 
from  the  records  which  we  keej)  th.it 

i  actually  peopk'  live  lonsjer  on  the  aver- 
age tod.-iy  th.m  only  a  few  years  ago. 
and  it  i^  safe  to  ^.ix  ili.at  they  live  longer 
now  on  the  average  than  ;it  any  time 
ii;  the  wiirMV  history. 

Is  TluTP  a  Reason  for  Evcrvthin^- ' 

1  he  wiir'id  is  ^o  constructed  th.it 
iIkic  must  lie  a  re;i>on  or  can-e  for 
everything.  Ihere  are  so  many  forces 
1  in  the  world  th.il  m;m  Iias  not  yet  been 
'  ahle  to  locate  the  original  cause  of  every 
(  one  of  them.  ( 'oncermitg  other  th'iigs. 
i  he  sees  the  ett'ects  without  h.aving  any 
knowledge  of  the  forces  which  ,'ire 
their  can^e.  (  Hher  things  he  has  never 
even  holhereil  to  ini(uire  .about,  hut  sim- 
ply t.-ikes  them  for  granted.  Hut  every 
fcrce.  which  means,  of  course,  every- 
tliing  in  the  world,  must  have  li.id  n 
heginning  and  therefore  something  or 
a  comhination  f>f  things  must  have 
c'lused  it  to  begin  rmrl  the  thing  or 
things  th.il  caused  it  to  be  is  the  reason 
for  its  being,  i'.very  little  while  snm<»- 
one  makes  ,t  discovery  of  som  new- 
force,  aii<l  then  we  sudilenly  realize 
that  this  force  has  been  in  existence  all 
the  time  although  not  known  to  man, 
anil  we  tliscnver  through  this  the  rea- 
son for  niaiiv  i  ther  things  bemg  .as  ihey 
.arc. 

I'lie  oliie;  imng  or  '•ide  of  the  ijUes- 
tion  ]■-  al-o  true  We  c;mniit  have  a 
cause   vvilhout  .an  ell'ect.      'Von  cannot 


...i  .iiiMliM,^  willii'iil  i.iu>ing  sunicthing 
t(.  hai>peii  and  ]iroduciug  an  eti'ect  on 
one  or  more  other  objects  either  ani- 
mate or  inanimate.  NOu  cannot  move 
yoi.r  hand  without  creating  some  dis- 
turbance in  the  air.  When  you  make  a 
poise,  low  or  loud,  you  produce  sound 
waves.  When  you  burn  a  stick  of 
wood,  volt  cre.ite  smoke,  .ashes  and 
ga-es  of  various  kinds.  N'ou  change  the 
whole  n.itiire  of  uh.it  was  the  i)iece  of 
wood,  .and  \et  no  particle  of  what  niaile 
the  stick  of  wi.'od  is  ever  destroyed  ^r 
lost,  but  .iii]iears  in  some  other  thing  ui 
tin-  air  or  on  or  in  the  earlh 

What  Makes  an  Echo? 

An  echo  is  caused  when  the  w.ices  of 
air  which  you  create  when  \on  -hunt 
.are  thrown  back  again  when  the\  .ire 
stop]ied  by  something  they  encounter 
and  are  turned  back  without  changing 
their  shape.  .\ny  kind  of  ,a  sound 
wa\e  will  make  an  echo  in  this  way. 

N  on  see,  \ou  c.an  lu.ve  no  sumid  oi 
,niy  kind  without  -nniid  waxc^.  N'ou 
could  not  make  a  -nnnd  if  tlurc  were 
no  air.  Xow,  when  you  shuui,  mui 
start  a  seriis  of  sound  w.aves  that  go 
out  from  you  in  every  ilirection  .and 
tliev  spread  away  from  you  in  circles 
jr.st  like  the  ring~  of  ripples  that  .arc 
caused  when  you  do])  ,a  stone  into  a 
pool  of  writer.  S  on  can  prove  this  to 
vi'nr>elf  easilv  b\  h.i\ing  one.  two. 
three  or  more  of  vour  friends  -land 
around  vou  in  ;i  Large  circle  \'n\i  can 
place  them  .as  f.ar  aw.iy  from  mhi  .is 
\our  shunt  can  be  he.ard  if  you  wish. 
When  you  shnut,  each  of  your  friends 
will  hear  the  shout  at  the  same  time, 
provided,  of  course,  they  are  at  e'|ii:d 
distances  from  ynir 

Sometimes  ilu  sc  souml  waves  as 
tiiev  go  .away  from  you  in  circles  strike 
objects  that  turn  the  waves  b.ack  im- 
broken  just  as  they  came  to  them.  The 
waves  Will  bounce  back  just  like  a  rub- 
ber b.ill  from  a  wall  against  whiih  it 
h.is  been  thrown  and  this  is  the  echo. 
liowe'.er.  -onie  things  that  the  sound 
w.aves  strike  hri'.ak  up  these  waves  en- 
tirely .and  others  p.artiallv. 

No   doubt    \iiu    li.i\e   siinictinu's   no- 
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IK(.(I  uIkii  yiiu  ,vlii)Ut  you  lii-ar  a  (li>- 
liiict  ixhn  ami  that  at  ulhir  tiiiu-;, 
strunliii^  ill  till-  saiiH'  ]ilact',  you  cannot 
luar  any  I'cho,  altlioUi;h  you  slmut  in 
tl:f  saiUf  way.  'litis  is  explained  l)y  llu' 
f;;ct  tliat  at  times  comlitioiis  of  tlie  air 
ail'  such  that  no  echo  is  proihueil  while 
al  nllur  tinu-  a  lu-rfeet  echo  results. 

What  is  a  Whispering  Gallery  ? 

I  he  pM^^iliihtK^  ■if  an  eclio  have 
to  lie  taken  into  aecouilt  h\  the 
ai\'hiteel>  ami  huiiilers  of  ail  puh- 
lie  huililin:;-.  ^ueh  as  theaters,  hall- 
ami  ehurelus,  where  an\(me  is  to 
s])eak  or  eiUertain  others.  I'nless 
they  are  very  careful  the  walK  and 
eeilinys  may  l)e  so  arranj,'eil  that  when 
any  one  siuijs  or  s]ieaks  in  the  room, 
there  is  such  an  echo  that  it  interferes 
v.itli  the  music  or  >]ieakin,<:  It  some- 
times h;i|iiiens  .also  th.at  thmn-h  -ome 
peculiarit)'  in  which  the  walls  and  ceil- 
iiii,'  of  ;i  liuildini;  are  constructed  there 
will  he  Certain  ])laces  in  the  room  where 
an  echo  can  he  liearcl.  even  a  whi-per. 
and  which  cannot  ]"■  lic.ird  in  niluT 
parts  of  the  room  at  .ill.  Tin-  i-  likelv 
to  mrnr  in  ro(jm-  \\  hrrr  llure  i-  a 
<lomc-<haped  ceiliuL;.  There  will  ho 
certain  s]i<it>  in  the  rnoni  lun.drecls  of 
leet  apart,  where  if  you  ■-land  on  one 
spot  and  another  person  i-  Mn  aii'itlur 
(hrmite  spot  clear  aero--  the  room,  the 
tiniest  whisper  can  he  heard,  while  the 
people  in  hetwecn  cannot  hear  .it  all. 
This  is  called  ;i  whisperiui;  i^allerx .  <  U 
course,  louil  talkiui;  would  produce  tlio 
s;ime  ellect.  .\  whispering;  y:dler\  is  a 
1,'allery  with  ;m  echo  which  can  be 
luanl  from  cert.iiu  positions.  There 
are  a  numher  of  famous  whispering  }j;al- 
leries  of  the  world.  In  the  room  ho- 
ne.ith  the  threat  ilome  of  our  Capitol  at 
Washinjiton  is  ;m  almost  ])erfect  whis- 
perini;  jjallerv.  There  are  (|uite  a  miiii- 
'ler  of  poiiUs  at  whii'h  you  can  -t.nid 
and  he.ar  the  whispers  .arr..--  the  ruuni 
which  is  more  thrm  ,a  lumdrecl  feet. 
These  whisperiiii.'  L'alleries  come  acci- 
dentally, of  course.  It  would  ln' dil'ticult 
to  deliher.ately  I'on-tnut  .i  hiiildini;  in 
such  a  way  as  to  produce  ,i  wlii-pcrinp 
"allerv. 


Why  Do  We  Get  a  Bumi)  Instead  of  a 
Dent  When  We  Knock  Our  Heads  >. 

\\  lien  you  knock  your  lie.id  against 
.1  -har|)  corner,  or  if  some  one  hits  you 
<.n  the  head  with  anythiiij,'  with  a  sharp 
ed,!,'e,  you  do  receive  a  ilent  in  your 
head.  Imt  it  does  not  Ijist.  In  other 
worii-.  the  head  has  one  of  the  (|uah- 
ties  of  ;i  ruhher  hall.  Vou  cai.  |irc-.s 
\inir  l"in;;er  against  the  >i(les  ot  the 
ruhher  hall  ami  push  it  in.  1ml  when 
you  take  your  linirer  oTt  llie  ])all  re- 
-itTUes  its  >h;ipe.  lu-t  -o  with  Miur 
head — it  resumes  -ts  >ha|ie  after  a 
hlow. 

\ttiT  diiini,'  this,  however,  a  hump  or 
li:iii]i  i>  formed.  1  will  eiidea\(ir  to  tell 
you  how  tlu'  hump  i-  foniu'.l  or  rather 
what  causes  it  to  form,  \(iii  i.iiinot 
knock  eour  heail  aj^Min^t  anything;  that 
is  hanler  than  your  he.id  withotU  call-- 
ins; some  iiiitiry  to  the  part-  which  re- 
ciived  the  hump.  .Xi^w,  what  liai)pen<! 
tl'.cii  is  just  whac  happens  to  am  other 
p;;rt  ot  ycnir  hody  when  it  is  injureil 
will  ilier  as  a  rtsult  of  a  hump,  a  cut  or 
.i   liee  or  nios(|uito  stini;. 

\-  soon  as  the  iiijur\  occurs  the 
l.rain  -t.irls  the  "repair  crew''  to  work. 
'The  le-iill  i-  that  lir-l  a  ureal  -npplv 
ot   hhi.id   i-  rn-lied   to   :\\c  injured  p.-irt 

\>  nil    the    icMilt    tll.at    '.he    hi I    \e--el- 

are  filled  up  and  extended  XMtli  Mood 
Certain  pafi-  of  the  blood  cell-  liiid 
their  way  throu,i;b  the  walls  of  the  blood 
\essels  al  the  part  of  the  injury  and 
other  tl'.iid<  from  the  liodv  are  piled  up 
there,  -o  to  -peak,  to  form  ,-'  conges- 
tion. 'This  "piliiiL;  up  or  congestion" 
distends  the  skin  and  r.ai-es  the  bump. 
I  In  tlu'  he.id  w  here  the  Ia\er  of 
iiui-ciiLir  -tnicture  i-  lliiiiiier  and 
\' 111  re  there  i-  Ir--  -p.'ice  between  the 
bone-  ot  the  -kull  and  the  onl-ide  -kin. 
the  blimp  will  be  lar<;er  .and  more 
noticeable,  bec.in-e  ;i  i;nod  de.d  of  blooil 
.and  other  fhii.ls  :,re  pileil  up  in  .a  lOt  - 
paratively  -ni.dl  -p.ace.  and  -o  the  -kin 
L'lts  pn-hrd  out  further  to  [iccotn.n!,,. 
date  this  ,i;reat  coni;estion.  where.i-  in 
other  parts  of  the  body  the  Inimp 
nia\  be  i|nite  as  lari;e  but  not  so  notice- 
able. 
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now    MI.N    GO  DOWN  TO  THE   BOTTOM    Ol    THI    SI  A 


, .  ,    I,,;    Till  TTIN'i.  ON   TTTr   iriliS--~ill  iii  >iMrs. 

SovL-,    tri.ii>ir>    aiiil    ~hirt    in    oik.    .mi    .;        I  i.i)    arc  purpi^M-ly  macU-  licavy.  t"  lalii  llu 
ii.piur  lirc.iNi|il;iu.  '  Uivcr  sink. 


The   Deep  Sen  Diver 


What  Does  tlif  Bottom  of  the  Se;i  Look 
Likf  ' 

it  loirks  \\v\  miicli  liki-  ilu'  l.inil  on 
\>lni.li  \\u  li\c.  I  Ikro  aro  nimiiitaiiis 
ami  valleys,  nicks  ami  craj^s.  triv-  aiiM 
i^ras--.  jiisl  llu-  saiiu'  a>  \\i'  m-c  i>n  laml, 
(.-.vcciil,  of  i-uiir-t.-.  thai  tliiTi'  arc  lU)  lui- 
iiiaii  lifin,<;s  to  lie  si'iii.  liisii-ail  cif  liinN 
liiltiiii;  :;liMHl  l!ir  tri'i--Iu|i.-..  li>li  >\vnii 
al'iiiit  tiniii.  ami  ulu-ri-  tin-  ■•(Hiirri'l  ami 
raliliii  lnmiiil  tlirmt|;li  the  wnoiK  mi 
\:  ii<l,  llu-  u'li-al  kill!,'  cral)  ami  sea  turtle 
(ha;,'  llu-ir  lunvielily  forms  on  the 
iiii-an's  liottfiin.  Some  of  the  scenes  at 
'!u-h(,;t(ini  of  the -ea  are  like  fairvlaml. 


,i;iil  in  tmj.ioa!  waters  are  often  as 
liLautiful  and  spectacular  as  llui^e  we 
see  in  theatrical  |iantoiniiies.  Deli- 
cately tinted  sea-shells.  i;reat  trees  of 
-now-white  coral,  sea  folia-^e  of  e\er\ 
tint  and  sliain-.  and  ilee|'  dark  caverns. 
in  which  hirl  the  devil-  lishand  other 
odd    looking    li~h. 

The   Diver's  Outfit. 

I  he  armor  oi  tn-day  con-i-1-  ol  a 
nihlier  and  caiuas  --uit.  socks,  trou-ers 
.•■11(1  shirt  in  one,  a  copper  hrrastplate 
or  collar,  ;i  copjier  helmet,  iron-soled 
-hoes.  ;iml  a  helt  of  k-aden  wei^iits  tu 
sink  the  ilivcr. 


^^^XiJiif  ^&.  I-SSL;  '^^^iS^^S^.^.-^.  .->.  -^- — ■ag^5ii^ 


■  N    'in    ii; 


Tlii-   iiuibles   the  'liver  to  t.ilk   at   all   tunc 
(.,  tl.  ,-,    !i...\  0  liiin. 


It  is  made  of  tinned  copper,  with  tlirer 
(jl.iss-c-overed  openines.  to  enable  tin-  diver 
to  Iridk  out. 


TFLnPHONING    FROM   THE   F?OTT()A\   Ol-    THI.   OCKXN         .o:i 


I  -  I  I  N'i     I  HI.    TH  I  rll.iSl  . 

I ..  I  r>  ].rn-.iiiti.iii  i>  taki  ii  to  ^^  v  ;i..ii 
I'vi-rything  is  in  order  bo  lure  tlic  diver  g<n.'^ 
down. 

rile  licliin-t  i^  iiiailc  of  tiiiiu'il  ('ii]i|.(  r, 
witli  tlircu  oin-iil.ir  .s;las-ics,  oik'  in  frnnt 
;inil  one  on  citlicr  >\i\c.  with  fjiiards  to 
|irotoct  thi'iii.  TIk-  front  cxc- piece  is 
in.iiK-  to  iin-creu  .in<l  enable  tin-  divr 
1  recei\r  or  yive  iiistrnetions  witlmut 
renio\ini;  the  lielniel.  < 'nr  or  more 
(i-Mtlet  valves  are  ]>laeeil  at  tin  hark  cpt 
side  of  ilu-  helmet  to  allow  the  \iliated 


air  to  e^eajie. 


riiese  vaK 


il\ 


>\>ru 


cntwards  hv  workinij  a.t;ain^l  a  ^I'lral 
sprint;,  so  that  no  water  ean  enter.  The 
nilet  valve  is  at  the  haek  of  the  helintt. 
and  the  air  on  entry  is  <Iireeted  h\- 
three  ehaiineK  running  alonjj  the  to]> 
of  the  iielniet  to  points  ahove  the  eyi'- 
pieces.  enahliii};  the  diver  to  always 
inhale  fie'-li  air.  The  helmet  i-  ^eenreil 
If.  the  breastplate  helow  by  a  -elemental 
serew-b.'iyoiiet  joint,  ^eeurint;  altach- 
ment  by  one-eifjhth  of  .i  tnrn.  The 
junction  between  tiie  w.iter-proof  dre^s 
and  tile  breastplate  is  made  watertitjht 
by  nie.ans  of  stti<ls.  br;i<s  pl.ates  .and 
wing-niits. 

.\  life  or  sijin.aMine  ;tnd  al-o  a  nmd- 
ern  ti'lephone  en.ables  the  ili\i  r  to  eoni- 
mnnicate  ;it  .all  limes  with  tho~e  above 
him. 

The  cost  of  a  complete  divin;,'  onil't 
ranges  from  $750.00  to  ,Si  .odo.uo.  The 
\vei,[,'ht  of  the  armor  :md  attaehmeiils 
\^or:l  by  the  diver  i-  J-'^  p-H-v!-.  di- 
viiled  .as  follow^:  llrhiul  ,nid  brea--l 
plate.  "8  pounds:  lull  of  bad  \'.eiL:lit'!. 
I. 'J  ponnds  :  rubber  ^nit.  \<i  pounds; 
iron-Noled   -hoe<.  _7  pound.--  each. 


till"     lis  \I.     1  I  .-T. 

I  lie  lui>t  eimr  in  tlie  adjnstniem  iil 
dcatli  to  the  diver. 


I'lie  air  wliidi  sustains  tlu'  iliver's 
I'le  below  the  surface  is  pumped  from 
above  by  a  powerful  piim|i,  which  miwl 
be  kept  constantly  at  work  while  ilie 
d:ver  is  down.  .\  stoi)])a.i,'e  of  the  pump 
a  -iiiyle  instant  while  the  diver  is  in 
cleep  water  would  re-nll  almost  in  his 
iiist.ant  <lealh  from  the  prostire  of  the 
\'  .Iter  ont>ide. 

Tlu  U'l'eate^t  dejith  reached  b\-  anv 
di\er  was  J04  ft-rt.  ,al  which  depth  there 
\' .1--  a  pri'~Niiia-  of  .^^S' ..  pounds  jier 
sc|uare  inch  on  his  body.  The  area  ex- 
poseil  ot  the  avera.Lje  diver  in  armor 
is  ~jo  inches,  which  would  li.ave  made 
the  di\er  ,at  th.at  depth  sustain  ;i  pres- 
sure of  fif),()fio  pouiKls.  or  over  ,^3  tons. 
The  water  [)ressure  o  1  a  diver  i^  as 
follow-: 

JO  feet S'  ..  lb-. 

.V  feel ij;  ,  lb-. 

40  feet    171.,  111-. 

50  feet   ji.i  ,  lbs. 

C>n  feet   j6'4  lb-. 

70  feet },o'  J  lbs. 

So  feet   ^4.!  i  lbs. 

<»<)  feet ^<)       lbs. 

l(K)  feet d.V  -•  lbs. 

l-'o  feet .  5I'',,  lbs. 

1,^0  feet    5(,i<  lbs. 

140  feet («)■>  I   lbs. 

130  feet f);'4  ll)s. 

'f'o  feet Ck;';:  lbs. 

170  feet j.\       III-. 

iXo  feet -S       lb-. 

MO  fi'et Sj'4  lbs. 

-•04  feet ,'^8'  ;  11.^. 
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TMI     (iRIATnST    l)l\IN(i    n M 


The  (l;m)i;ir>  til  diving  arc  maiuiUlil. 
and  so  ri>ky  is  tin-  lallitit;  tliat  tlu-ri' 
,iri'  comparatively  I'l'w  ilivcrs  in  l\w 
I  nitcii  States.  TIk-  clieapost  of  ilu'tn 
coniinand  $io.o<)  a  day  tor  tour  or  live 
hours'  work,  and  many  of  them  ^'et 
^50.{xi  and  Sux(K)  for  the  sami  term 
of  lalxir  under  water. 

The  jjreatest  damier  tliat  l)esets  the 
(liver  is  ilie  ri-k  lie  runs  every  time  ho 
ilive>  of  ni]itnrini,'  a  l)looil-vessel  hy 
the  e.Kcessively  eoni|iresse<l  air  he  i- 
lompelled  to  hrealhe.  Me  is  aKo  snh- 
jeet  to  attacks  from  sharks,  swonl-tish. 
devil-lish,  and  other  vor.icioiis  monsters 
<  f  the  ocean's  dei>ths.  To  defend  him- 
self against  them,  he  carries  ,1  douhle- 
eiljjeil  knife  as  sharj)  as  a  razor.  It  is 
llic  diver's  sole  weapon  of  ilefense. 

In-t  how  far  hack  the  art  of  suh- 
m.irine  divini;  rlates  i~  .,  matter  of  eon- 
jecttire.  I'lil  until  tlie  invention  of  the 
present  armor  and  helmet,  in  iX.Vl. 
work  an<l  e\|ilor;ition  under  uaur 
was.  at  he<t,  imperfect,  .md  could  only 
he  pursued  in  a  very  limite<l  decree. 

Feats  of  Divers. 

Million-  of  dollar-'  worth  of  prop- 
<"-Iv  h.i-  luen  recovered  from  the 
ocean's  deplii  hy  divers.  (  )ne  of  the 
t;rea1est  achievement-  ir.  this  line  was 
iiv  the  famous  l",n:,di-h  diver,  I.amhert. 
\<ho  recovere-l  v.ist  tre.isuri'  from  the 
".\lfonso  Nil."  .1  Siianisli  mail 
steamer  helonsillij  to  the  I.oinz  Line, 
which    sank   off    Point    ( "i:iiido,    » irand 


(  anars.  in  -■'>'.■  f.ithonis  of  w.itir.  lin- 
salva^je  party  was  dispatched  hy  the 
underwriters  in  .May.  |SX;,  the  ve--ci 
h;.vinR  £ioo.(Kx)  in  specie  oil  hoard 
I'or  ncarlv  si.\  months  the  o]ieratioiis 
vveie  persevered  in  'lefore  tlie  divers 
could  reach  the  tre.isure-room  henealh 
the  three  decks.  Two  divers  l()>t  their 
lives  in  the  vain  attempt,  the  pressure 
of  water  heinj;  fatal.  The  diver  re- 
eovereil  £i^).oot)  from  the  wreck,  and 
.t,'ot  £4.5(x)  for  doini;  it. 

<  )ne  of  the  mo>t  dilVicult  o])crations 
ever  jierformed  hy  a  diver  was  the 
recoverint;  of  the  treasure  sunk  in  the 
steamshi])  "Malahar."  otY  tialle.  < 'n 
tliis  occasion  the  laru'e  iron  ]ilates.  h.ilf 
.-■n  inch  thick,  had  to  he  cut  away  from 
the  mail-room,  and  then  the  diver  had 
t  >  work  throu.tjh  nine  feet  of  >and.  The 
whole  of  the  specie  on  hoard  this  ves- 
sel— upward  of  Si  .5<x).(")() — was  saved. 
,is  much  as  .SS(».(xk»  haxintj  heeil  t;otten 
out    in   one  day. 

It  is  an  interesting  fact  that  from 
time  to  time  exjieditions  have  hcin 
fitteil  out.  and  companies  formed,  witli 
the  sole  intention  of  se.-irchiniL;  for 
huried  treasure  heiuath  the  sen,  Airain 
and  as;ain  li.ix'e  exiu'ditions  Kit  Xew 
^'ork  or  S.iii  l"r;mci-co  in  the  cer- 
taintv  of  ri-co\erin!,'  tons  of  Imllion 
sunk  off  the  r.r,i;:ilian  coast,  or  Ivincr 
imdisturhed  in  the  mud  of  the  Kio  de 
1,1    I'lala 

At  the  end  of  1S83.  the  l;irt,'e  steamer 
Imlius,  liclongins:  to  the   P.   iS:   O.   to.. 


WHAT    HXI'IMNS    \VHi:\    A    THIN(i    I MMODIS 


-aiik  oil'  i  rnu'(im.ili.-t.',  haxiiij;  nii  hduril 
a  very  valu.ihlc  l'.a>t-lnilia  larjjo.  to 
fli'tluT  with  a  larj,'i'  aiiioiint  of  spciic. 
iliis  was  aiiolluT  case  of  a  fortuiu' 
foimd  in  tin-  Ma.  for  a  very  larf,'i' 
aiiiniiiit   of   tria-.iirr   was  nroviTfil. 

Ain'lliiT  \\  til.  k  Inmi  wlii'Ii  a  lart;i' 
-imi  Ml'  i^dlil  mill  ami  bullmn  v.as  ro- 
iiiMinl  li\  rliviTs,  was  that  ol  tht' 
I'ruuli  >hi|i  "L'(>rient."  She  i^  statcil 
to  liavc  liail  on  hoard  spivii-  to  tlie  vaUii' 
(if  no  li'-^s  tlian  !?^.rxx),o(X).  hi^^iik's 
i.ll'.rr  tria^uri'. 

A  [.aralUl  ra-c  t"  "I.'(  'riont"  is  that 
(■f  the  "I.u.nc,"  a  warsliij)  of  thirty- 
iwo  .t,'iins,  wri'cki-ii  ott  the  coa^-t  of  I  lul 
Ind.  Tliis  vi'sst'l  sailed  f-om  ihr  N' ir 
innntii  I^i>ads  willi  an  iiiiincii-r  i|uantity 
of  trra^nre  for  ihr  Irxil  In  iho 
ciiur-e  of  the  day  it  oaliie  on  to  hlow  a 
hravy  ,i,'''de  :  the  vessel  was  hist  and  went 
to  iiieees.  Sal\a;,'e  operations  hv  iHvers. 
durinij  eij^diteen  nioiitlis,  resnhed  in  the 
rieovery  of  £4(x>,(XK)  in  specie 

I  InnioroiH  'scenes  do  not  pla\  nuicli 
iif  a  part  on  the  oeean's  li..ttMni.  and 
the  snliliine  and  awe-in-pirlii','  are  far 
iiTire  in  evidenrr  ihirr  thin  tlu-  hldi- 
C!  ns.  vet  e\(n  liiiuath  the  \\a\e-  there 
.•'.re  laiiirhalile  s,ene-  at  tiinr~  A  ihver 
li.ad  hri  n  ent;ai,'ed  lo  in-]H\i  a  ^nnken 
v(^-el  off  the  eoast  of  (  uh.i.  .Nrrivinj: 
on  the  scene  lie  discovered  a  lunnher 
of  nitive  spoil ije-(h vers,  who  de^cenil 
to  considerable  depths.  di\ini;  down 
from  their  canoes  to  the  sunken  vessel 
irviiii:  to  jiick  up  soinethiin;  of  value. 
Thev  jiaid  little  aiientioii  to  the  arriv.al 
t'f  the  wrecking;  outl'it.  and  did  not 
notice  the  diver  ilescend.  until  suddenly 
wll.at  ^eemed  to  them  to  he  ,i  liornMr 
lunnan-Nliaped  moii-ter.  v.ith  an  im- 
nun-e  heail  of  ijlistenin.sj  copper  and 
lliree  hij;,  round.  .£;l.i?^y  eyes,  came 
walking  around  the  vessel's  how  and 
made  a  bitr  salaam  to  them.  That  was 
ri-ontrh.  Thev  ^h'<X  ^nrfaceward  like 
~kv-rockets.  climbed  franticalU-  into 
their  canoes  and  hurriedly  rowed  away. 

What    Happens    When    Anything    Ex- 
plodes? 

r.v  explosives  are  meant  ■substances 
that   can  be  made  to  give  ofT  a   large 


su.inlily  ol  j;as  in  an  cNcccdingls  .-hort 
time,  ;ind  the  shorter  the  time  rec|uirid 
for  the  production  of  tlie  g,is  the  greater 
will  be  the  violence  of  the  explosion. 
.Many  suh^t.iiices  that  ordin.irily  have 
no  explosive  <|ualities  may  be  made  to 
act  as  explosives  under  certain  circum- 
stances. \V';iter,  for  example,  i;as  caused 
very  destructive  boiler  e\plosi(ais  when 
a  (juantity  of  it  has  been  allowed  lo 
inter  .'in  empty  boiler  th.U  had  become 
red  hot.  Particles  of  dust  in  the  air 
l'..i\e  occasioned  explosions  in  .;a\v 
mills,  where  the  air  always  contains 
l.irge  'inantities  of  du>t.  .\  tl.ime  intro- 
duced into  air  that  is  he.avily  l.aden  with 
<'.;ist  may  cause  ;i  suilden  burning  of 
the  iiarticles  near  it,  ancl  from  these  the 
lire  m.iy  be  conveyed  so  r.ipidly  to  the 
others  th.an  the  he.at  will  c.itise  the  .air 
to  expand  suddenlv,  .and  this,  together 
with  the  form.ition  of  gases  from  the 
1  urning.  will  c.ause  an  explosion. 

It  mn-l  not  lie  thought,  however,  th.at 
line  ~.iwdn-t  or  w.ater  would  ordin.irilv 
be  classed  .as  exjilosive^.  The  trrm  is 
gmer.ally  applied  onlv  to  thn-e  .-ub- 
st.ances  that  may  be  very  ea-ily  caused 
to  explode. 

The  oldest,  and  most  widelv  known. 
e\]ilo>ive  th.it  we  pussess  is  gun|iow- 
<ler.  the  iiutnlion  of  which  is  gen- 
vally  credited  to  the  Chinese.  Tt  i-  a 
n;ixture  of  [lotassium.  nitrate,  or  ^,•llt- 
peter,  with  powdered  charco.il  ;md 
pluir.  The  proportions  in  which  these 
-ubst.ances  are  mixeil  wary  in  dit'ferent 
kinds  of  powder;  but  the\  usu.ally  do 
not  (litTer  much  from  the  following: 

Siil|ihnr lo  per  cent. 

(  h.iriiial    Id  per  cent. 

Saltpeter   74  per  ccn* 

The  explosive  i|nality  of  gunpowder 
is  due  to  the  fact  th;it  it  will  burn  with 
great  r.ipidity  without  contact  with  the 
air,  and  th.'it  in  burning  it  liberates  large 
\olumes'of  g.is.  When  a  spark  is  in- 
troduced into  it,  the  carbon,  charcoal, 
.and  sulpihur  combine  with  a  portion  of 
the  oxygen  contained  in  the  saltpeter 
it;  form  carbonic  aci.i  g.-;s  and  .sulphur- 
ous acid  g.is.  and  ;it  the  same  time  the 
nitrogen  contained  in  the  saltiieter  is 
set  free  in  the  gaseous  form.  This  ac- 
tion takes  pl.ice  verv  sudilenlv,  and  the 
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unM   sMoKiirss  powDik   is  mxdi    or 


'.  mIuiIU-    ni     ;,MS    -^ct     trcf      l>      "-o      IlllK-|l 

j,'riMtiT  than   that   of   tho  |m)\vi1ct  tliat 
.111  t\iil()>i<iii   follows. 

Ill  tlic  tiiaiuifai'turc  of  kh'M"'^^''^'''  •'" 
that  is  al)>nliiti.'ly  mvfssary  is  to  nii.x 
till-  tliri'i-  iiii,'ri.clii'iits  tliorou),'lily  aii'l  in 
till'  ]iro|)iT  propurtiotis.  I'.iit  to  tit  tin* 
powikT  for  ii>.t'  ill  liriiit;  siii.ill  anus  and 
cannon  it  is  maile  into  j;iains  of  various 
^izos.  till'  -mall  sizi-s  luin;;  iisoil  for  tlio 
small  arms  with  short  h.irrols,  an(l  tin- 
larjic  sizi's  for  cannon.  Thi.-  reason  for 
this  is  that  if  the  jmiwiIit  is  nia<li'  in 
very  small  j^rains  it  all  Imrns  at  oiico. 
.'ind  tlif  explosion  takes  jilaec  so  siid- 
denly  that  an  exeeediiit;Iy  -troni;  ^1'"  i'^ 
rt(|iiireil  to  withstand  the  e\|ilosion. 
while  if  Iar},'er  strains  are  employed  the 
hnniinu'  is  slower  and  eonlinnes  until 
the  projeilile  ii.i-'  tr.iveled  to  the  imi/.zle 
of  the  ;;iiii.  In  this  way  the  projeetile 
is  fired  from  the  i;nn  with  as  imivh 
force  as  if  the  explosion  li.id  t.ikeii  ]ilace 
.It  once,  hilt  tliere  is  less  -tr.iiii  on  tiie 
L'tin. 

What   Causes  the  Smoke   When   a  Gun 
Goes  Off? 

Powder  of  this  l.itter  kind  .dways 
jjiodiices  a  consiclerahle  iitiaiitity  of 
smoke  when  it  is  tired,  hecaiise  there  is 
a  (|nantity  of  fine  [Kirtieles  formed  frfim 
the  hreakinj,'  up  of  the  saltpeter  and 
from  senile  «\  the  chareo.d  which  is  not 
criiiipletely  hurned.  This  smoke  forms 
a  cloucl  that  takes  -oine  time  to  clear 
iiway.  which  is  ,1  ver\-  ohjectionahle 
feature.  In  Krcjer  to  get  riil  of  it.  ef- 
fort- were  m.ide  to  ])roduce  a  suhstancc 
that  would  exiilode  without  leavini;  .my 
'olid  residue,  and  that  could  he  used  in 
};uns.  These  e(Tf)rts  were  liiially  suc- 
cessful, and  there  are  now  several 
hraiids  of  smokeless  powder  in  ii-e. 

What  is  Smokeless  Powder  Made  Of  ? 

riie  nio-t  -,ili-f,-Ktc>rv  forms  of 
smokele-s  jiowiler  are  :ill  m.ade  from 
cuncfitton  or  nitrocellulose.  This  suli- 
stance.  wb.ich  is  made  I'V  trentin<r  cotton 
witli  a  mixture  of  nitric  and  sulphuric 
.-'cids.  is  a  cliemicil  cnmiiound.  not  a 
mixture  like  i;un|)owdcr :  ami  when  it 
i-    exiiloded    it    is    all     converted     into 


;;.ises,  ot  which  tiic  cinel  one-  .ire  c.ir- 
hoiiic  .icicl  j,'a-,  miroyen.  ami  w.iter- 
\apor.  r<)  cause  the  explosion  of  j;iin 
cotton  it  is  not  necessarv  to  luirii  it.  hut 
.1  mere  shotk  or  j.ir  will  cause  it  to  de- 
compose with  explosive  violence.  Of 
cour>e,  -Itch  a  violent  explo-ive  as  this 
could  not  he  useil  eitlur  in  sni.ill  arms 
or  in  cannon,  hut  ^.-uncotton  cm  he  coii- 
virted  into  le-s  explo-ive  form-  wliich 
;ire  suii.ilile  for  use  in  Rtins,  and  the 
majoritv  of  smokeless  powders  .are 
made  in  this  way.  The  nietltoil-  u-ed 
in  producing  the  smokeless  powders 
are  kept  secret  hy  tlic  various  countries 
ih.it    use   them. 

What   is   Nitroglycerine  ? 

\nnilur  •  rr\  powi-rfnl  explosive, 
which  is  closely  related  to  gimcotloii.  is 
nitroglycerine.  This  compound  is  maile 
ly  treating  glycerine  with  the  s.inie  sort 
of  ,icid  mixture  that  is  used  in  m.ikin.ij 
guncottoii.  It  explodes  in  the  same 
V  ay  tli.it  guiuoiton  does  ami  yields  the 
s.-',me  ])rodllcts.  It  is  ;in  oily  lii|uid  of 
yellow  color,  .aii<l  on  account  of  its 
iic|uid  form  it  is  dit'ticult  to  h.andte  .ind 
use.  The  ditVicuItv  in  handling  nitro- 
glycerine led  to  the  plan  of  mixing'  it 
uith  a  (|nantity  of  very  line  sand  called 
iiifusori.il  e.irth.  When  mixed  with  this 
.1  soliti  mass  called  dyn.imite  is  formed, 
uhich  is  easier  to  handle  and  more  dif- 
licnlt  to  ixplode.  hut  which  has  .ilmo-t 
as  much  explo-ive  f  irce  as  nitro- 
glycerine. 

.\  more  ]M>werful  explosive  than 
either  nitroglycerine  or  guncotton  is 
ohtaincd  1>y  mixing  them  together. 
When  this  is  (Ume  the  guncotton  swells 
lip  hy  ah-orhing  the  nitroglycerine  ;md 
hecomcs  a  hrownisli,  jelly-like  suh- 
stancc that  is  known  ;is  hl.isting  gelatin 
This  is  generally  considered  tlie  most 
1  ouerfiil    explosive    oht.ain.ihle. 

What   Makes  Nitroglyrerine   and   Gun- 
rotten    Explode    So   Readily? 

Tef  us  now  con-idiT  for  the  iiinment 
what  it  is  that  m.ikes  guncotton.  nitro- 
glycerine, and  Masting  gelatin  exiilodo 
so  readily.  The  explanation  is  found 
ill  the  pre-ence  in  them  of  nitrogen      .\s 
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will  fiincinliir  I'miii  uh.it  >iiU  lfarin.il 
;;l><iiit  air,  iiitrojji'ii  is  ;iil  cxtrciiic-Iy  itl- 
aitivi'  iliiiKiit.  It  lia>.  Ill)  >ir<)iiK  tciul- 
I'licy  til  iiiMiliim'  with  iitiiiT  i-K-nifiits, 
ami  wluii  it  dm'-,  tiitcr  iiitii  lumhination 
with  tluiii  tlir  iuiii|Hiuiiil-  liiriiud  art- 
.iliiiiist  alway-  ca>il>  ikv"iin|>i>si-ii.  In 
the  <iiin|i<iuii>N  that  havi'  just  Ihtii  ilo- 
-.iTilitij  a  shcK'k  i-aiiM--i  a  loo^cniii^  of 
il'c  lioiiiN  that  h>iM  tin-  iiitniyin.  aii>l 
thi'  wlmlc  i'iim]imiiiil  i;<tv<  U>  (litvcs  ju>t 
a-,  an  arch  falls  \'  I'fii  tlii'  keystone  is 
nniuvi'il. 

Wluit  Is  Silver' 

Sintc  the  earliest  time  reeo-iled  in 
h'story,  silver  has  heen  the  itiost  useil 
of  the  precious  nietaK.  hotli  in  the  arts 
ami  as  a  ineclit:ni  of  exehanjje.  I".ven 
in  the  prehistorie  times  silver  mines 
V  ere  workecl  ami  the  metal  \v;:s  em- 
|)Ioyeil  in  the  ornamental  ami  useful 
arts.  it  was  not  so  early  nseil  as 
flioney,  aiiil  when  it  liei;;in  to  he  ailojited 
for  this  ]>m;  u>e.  it  wa-  made  into  liars 
oi  rini;s  and  sold  hy  weiijht.  The  first 
re^'ular  i'ninat;e  of  either  j,'old  or  silver 
was  in  I'hrxijia.  or  l.\dia,  in  Asia 
Minor.  Silver  was  ti^ed  in  tln'  .arts  hy 
the  Atlu'Tii.m-.  the  I'haiiieians.  the 
Vikings,  the  Aztecs,  the  Peruvians,  and 
nl  fact  hy  all  the  civiii/erl  .iml  semi- 
civilizeil  n.itions  of  ;iiitii|iiity.  It  is 
fomiil  ill  almost  every  part  of  the  j^lnlie. 
ii-nally  in  conihination  with  other 
n'et.ds.  The  niiiu's  in  South  America. 
.Mexico,  and  the  I'nited  States  are  c~- 
lieiiallv  rich.  Silver  is  sometimes  found 
in  luit,'e  mi.t,'i,'ets.  A  ni;i>s  weis^'hini;  S'hi 
|iniiuds  w.is  found  in  I'eru.  and  it  is 
cknmed  that  one  of  _'.7(x>  i>oiimls  was 
evtracted  in  Mexico.  The  ratio  of  the 
\;due  of  silver  .-md  L'old  ha-  \,irird 
j;reatly.  .\t  the  (  hri-tian  em  it  w.i-  (» 
to  t  :  500  .\.l).  it  w.ts  18  to  I  ;  hut  in 
Iiod  A.I),  it  was  only  ."''  to  1  In  iIn,; 
it  was  as  hijjh  as  -'.577  to  \.  i'hc  -nh 
ject  has  entered  larsjely  into  American 
politics  ;is  a  di-turliini;  element,  and  in 
ll-Si/i  the  Democratic  jiarts.  in  it-  na- 
tional con  -enlion.  decl.-ircd  tor  liic  i  rrc 
cc.in,ii;c  of  ihc  nulal-  at  \i>  to  I  'I'ho 
Rcjmhlican  parts  .adhered  t"  the  L;nld 
stauilird  ;nid  declared  against  the  free 


coiiiaKc  of  silver,  i-^acli  party  reaffirmed 
in  iijoo  this  plank  in  its  platform.  In 
Uith  years  the  DenuxTats  wir.-  cle- 
feated. 


What  Is  Worry? 

Worry  i-  a  feeling  "I  fear,  but  is 
never  of  the  present.  It  is  always 
aUtiit  sonietliinj,'  that  may  hap|ien  or 
that  has  happened.  It  is  j,'enerally  in 
the  future.  s<imetimes  in  the  jiast,  hut 
never  ill  the  present. 

.\n  animal  that  knows  neither  future 
nor  past  c.iimot  worry.  Ilahies.  livinj; 
only  ;is  they  do  in  the  ])resent,  cannot 
V. orry.  .Ml  creaturis,  excepting  human 
heinijs,  live  only  in  the  jiresent  and 
therefore  they  do  not  worry,  for  sudi 
creatures  cannot  renuniher  what  hap- 
pened in  the  pa-t  or  jjuess  what  is  fjoint; 
10  h,i])pen, 

A  huin.in  heiiii;  after  .irrivint;  at  .1 
certain  ,ii;e  is  i;iveii  such  powers  th.ir 
his  niincl  can  j;o  h.ick  to  the  past  and 
cast  itself  forward  into  tile  future  as 
he  thinks  it  will  he,  hec.iuse  he  ii.is 
imagination.  .\s  a  m.itter  f)f  f.act  wc 
1i\e  le-s  in  the  present  th;m  in  ihe  pa-t 
'if  future. 


Why  Do  We  Worry? 

\\  c  \\iirr\  lacui-e  wc  are  .ahlo 
throuf^h  a  power  called  self-conscious- 
ness to  place  ourselves  throUf;h  our 
niimls  for  IJH-  liiiic  hcins;.  ICither — hack 
-umewhere  in  tlic  p,i-t  without  c.irr\ini; 
ipur  physical  Iin.iir-  witli  u- :  fur  if  we 
could  t.ake  our  hodie-  with  us,  we 
uDuld  he  ill  the  )iresent  a.t;ain,  and 
then  uorrv  is  impossihle :  or.  we  use 
iHir  iiiias,'ination  ami  project  the  t'nliirr 
entirely  apart  from  our  bodies,  for  wc 
cannot  jiroiect  our  bodies  into  the  fii- 
tnn",  .and  if  we  i<iiild  we  woulil  aj^ain 
1"  111  the  ]irc-cnt.  W f  worry  over  j,'0- 
iiii,'  to  have  ,111  oper.ation  iierfornied 
which  m.ay  in  not  he  dangtrous,  hut 
i|uitc  iiecc--ary.  Wc  may  still  think  wc 
uorrs  wiicn  liic  operation  l)ei;ins,  imt 
.!•  soon  ;is  that  occurs  the  time  becomes 
the  present,  and  though  we  may  fear, 
we  cannot   worrv  in  the  present. 
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HOW     \   TIWLL    IS   DL(i   INOLR   W  \TLR 


I  he  Story  in  a    I'unnel 


Hnw  ;i  TumiipI  I^  Dii[^  Under  Water. 

i'li;.  I.  (  )n  the  left  is  n  cross  section 
^lll>\vin^,^  in  ili;iL;rani,  tlir  Uack  view  ot 
a  shield.  Till'  lu-avy  Wack  circle  is  the 
"tiil"  or  "skin."  The  small  circle^ 
within  the  tail  are  the  hydraulic  ranis 
^vhic!l  at  a  pressure  uf  .s.(i<K)  ]Hnnid>  t.) 
the  s<iiiare  inch  furce  the  shield  inx- 
vvarrl.  i  he  s,|u:ire  cunipartnu-nts  within 
the  shield  .'re  the  (.i)enin;,'s  thrnu'^'Ii 
which  the  men  j'ass  k,  di-  awav  the 
^Tound.  In  the  middle  (pf  the  s'.iield 
is  sli,,\vn  the  swinyint;  "erect'ir"  which 
picks  np  the  iron  linini;  ])!ates  and  puts 
them  in  position. 

The  view  on  tlie  rifjht  is  a  l<inj;i- 
indinal  sectiim  of  tlie  tminel  showing 
the  shield  and  the  hnlkhead  wall  acrr)ss 
the  tnnne!  with  the  air  !<H-k=  built  int- 
it.  The  front  of  the  shiekl  ahead  of 
the  doors  is  made  with  a  sliar])  edge 
called  the  "cutting  ed;;e"  and  thi.s  makes 


ii  easier  for  the  shield  tn  n<l\nnre  in 
case  all  the  ground  in  frmu  has  not  been 
removed.  This  view  slunvs  how  tlie 
tail  overlaps  tlie  last  portion  of  tht 
iron   lining. 

Some  disfince  behind  the  shield 
comes  the  concrete  bulkhead  wall  with 
the  air  lock.s  contained  in  it.  Tiiere  an- 
two  shown  in  the  view.  The  upper  one 
is  the  emer-ency  air  lock,  alwavs  kept 
ready  so  tiiat  in  case  of  an  accident  the 
men  have  a  means  of  escape  even 
though  ihe  lf)wer  part  of  the  tnimel  is 
tilled  with  rushing  water  or  mud.  The 
lower  air  lock  is  for  the  passage  of  nun 
and  materials  during  -irdinarv  wnking. 
This  view  also  shows  that  all' tlie  tmniel 
ahead  of  the  bulkhead  wall  is  under 
conij)ressed  air  while  the  finished  tunnel 
behind  the  hnikhcad  u.ii!  is  under  tiie 
ordinary  or  normal  air  pressure.  Wlien 
the  tunnel  is  finished  the  air  locks  and 
bulkhead   ualN  are  remo\ed. 


'  M'll  it 


This  •ll.iWB  the  fr..iil  ..f  ..iu-  ..f  tht-  »hi*  [l*  use!  .mi  the  i't-niisv  U.ii.i.i  i<.uir-a.i  tiitr,  j-  .r..-.t;^-  tiir 
North  Kivrr  at  New  Vork.  Thr  lUltiiiK  hIkc  i»  cirarly  srfii  and  the  varmul  cumparlniinls.  laih  with 
il>  doir.   whith   divide   up  the    iroiit  .if   the    ihield.      Thc»e   •hielda   weighed  about   juo  tuiis  each. 


Illi^ 
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Tlit-f  notes  (k-scribc  very  t,ain.r;illy 
tlic  way'  in  whwh  tmincls  an-  built 
tliroiijjli  mud  ami  jjravcl  iukUt  parts 
of  the  >c'a  or  larj,'!.-  rivirs  in  siidi  a  way 
that  the  nifii  wlio  !)uiM  them  arc  i>n>- 
ii-ctid  rinil  as  safe  as  the  car])eiitcr  who 
is  hui!<lins^  a  house. 

I'he  way  the>e  tunnels  are  huih  is 
called  the  "shiehl"  way  hecaase  tlie  ma- 
ihine  used  i-  called  a  shield.  It  is  iriven 
tliis  name  because  it  shields  tlie  tiuuief 
hnilders  from  tlie  water  and  tlie  mud 
which  are  ready  at  ever.-  moment  to 
overwhelm  them  and  ki!I  them. 

The  shield  ^^■as  invented  in  181S  hv  a 
^jrcat  Knuincer.  Marc  Isamhard  iirunel, 
who  was  a  Frenclmian  living'  in  RtlU" 
land.  The  idea  of  the  shield  came  to 
him  as  he  saw  how  the  sea  worm  wiiich 
attacks  the  '••ooden  i)iles  of  dcx-k-  alont; 
the  shr-  .  bores  the  holes  it  makes  in 


the  wiKxi.  The  liead  i.pf  t'.iis  worm  .- 
very  hard  and  can  bite  its  way  tlirousjli 
the  hardest  woods.  .\s  it  goes  tliroujjh 
the  wood  its  body  makes  a  hard  shellv 
coatinp;  which  hnes  the  hole-  which  its 
licad  lias  made  and  prevents  the  hole 
from  ka-ttinj,'  filled  up.  Thi-  is  the 
,i;eneral  idea  uf  a  tunnel  built  bv  .1 
Tiield. 

The  first  shield  was  used  by  .Mr. 
i'.ruiiel  to  make  a  tunnel  acro>s  tlie 
Thames  River  at  London.  I".nglan<i. 
■|"!ii-  is  still  the  bit^t^e.st  tunnel  ever 
built  by  a  -hield.  althous^h  not  the  loni,^- 
est.  and  is  still  used  by  r.iilroad  trains. 
This  tunnel  was  iK'^nin  in  1XJ3  and  was 
finished  in  184.?.  and  provides  a  historv 
of  ahnost  une.xampled  and  not-to-be- 
excelled  coura'j:e  in  attacking'  difiiculties 
and  skill  in  defeatincT  tlieni 

Since  the  days  of  Iirunel  many  great 
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HOW  THE  SHIELD   IS  PUSHED   FORWARD 


This  shows  the  rear  end  cr  tail  rnj  ..f  .me  of  the  smaller  shicI.K,  ust^l  on  ihc  IIu>U>>i)  am!  Manhattan 
Kailruad  tunnels  under  the  North  or  Hudson  River  at  New  York.  It  hhuws  the  sktn,  the  hv-lrauhc 
laLkt.  within  the  ikin  and  the  piping  and  valvfs  lor  working  tht-m.  It  aN>i  mIiowb  the  doori  kadiriK  tu 
ihf  fr-nt  or  "tatt-.'*  The  erector  is  not  ^hown,  but  the  circular  hole  in  the  middle  shows  where  it 
uuuld  be  attached. 


u,,i:  in    place.       The    hoiNr- 

hUt  htck    i*    clearly    vmiMc, 

to  tell  the  air  pressure  inside   the  luck. 


nt-l  <hH-ld«,  taken  alter  a  leitglh  ot  tunnel  had  Uwu 
(■■ni{<lit(.-d.      Alt    the    details   u(    Ciin*it ruction    art-    shown, 

;..,:     jr.     tt-ii     ."rtii-     ^y..-     I  rr.-t.-.r     Is.     .-!r;ir!v     lurn     sls-i         Tin- 

\alve«  whith  control  the  erector  and  the  rains  whi*h 
|iu*th  thr>  shield  forward  are  seen  near  the  top  of  the 
shield.  The  rtds  arross  the  tunnel  are  turnd)uckle!i  used 
to  keep  the  iron  lining  from  gftting  o»t  of  shaj*  in 
the  sou  mud.  These  are  rrmoverl  later.  The  floor  and 
tracks  itl  thr  l"tt..ni  .ire  trmp.  rary  ,ind  are  used  for 
hniiKi'ijI    niatrriais    t'>    aiid    'rum    the    shuM 
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iiii|)r(ni'iiiciit>  have  been  made  in  the 
shield  and  in  the  way  of  working  it  b  it 
the  >aine  idea  is  -til!  there. 

After  the  days  of  I'.niners  shield  an- 
other preat  hclj)  was  given  to  tunnel 
hniklcrs  hy  the  invention  of  the  use  of 
coniprcssed  air  to  hold  back  the  wafer 
which  saturates  the  ijround  in  whieh  the 
tininel  is  beinjj  built. 

The  first  real  invention  of  coniprc-scd 
air  for  thi-  purpose  was  made  by  Ad- 
miral Sir  rhoni.is  Cochrane  who,  in 
\XX),  took  out  a  ]>atent  for  the  ii-e  of 
con'i)rissed  air  to  exiiel  the  water  from 
the  j.;ronnrl  in  shafts  and  tunnels  and. 
by  this  means,  to  convert  the  iiround 
from  a  condition  of  (|uicksand  to  one 
of  firmne-^^.  This  patent  cover-  all 
the  essential  features  of  compressed  air 
workinp. 

As  susTiiested  .alwve,  the  thin;;  which 
coniprcsse<l  air  <loes  in  a  tmuiel  is  to 
push  the  water  out  from  all  the  s()ace- 
whicli  it  fills  in  the  ^.touuM,  so  that  the 
men  who  are  diLrizi'iLT  away  the  gromid 
for  the  tinuu'l  are  workin.;  in  firm  dry 
pronnd  in-tead  of  a  mixture  of  earth 
and  water  which  will  rmi  into  and  fill 
the  hole  they  dip  as  -oon  as  it  is  dup. 

Whenever  a  tunnel  is  beinp  Innlt  be- 
low a  bodv  of  water  tlirou;;h  pronnd 
which  is  ]M>rous.  or  in  other  words 
throuph  any  proiuid  except  solid  rock 
or  dense  clay,  the  water  fills  everv  crev- 
ice and  space  in  the  pround  and  i-  ex- 
crtinp  a  pressure  of  alxnit  half  a  jiound 
per  s<|nare  inch  kd>ove  the  ordinary 
pressure  of  the  air.  (  which  is  1.^  iiounds 
to  the  -(|uare  inch)  for  everv  foot  of 
depth  below  the  surface  of  the  w  ater  ; 
so  that  sup]>osinp  the  tunnel  is  -W  feet 
below  the  water  the  water  has  a  pres- 
sure of  nearly  JO  ,  mds  per  -(|uare 
inch  on  every  square  nich  of  the  sur- 
face of  the  timnel.  {"his  pre-sure  causes 
the  water  to  flow  violently  into  an\  hole 
or  opcninp  that  is  made  in  the  protmd. 
and.  unless  the  water  is  ^irevented  from 
movintr  bv  soiue  means  or  other,  the 
opcninp  made  would  be  very  (piicklv 
filled  witli  water  and  at-n  with  ground 
as  the  rush  of  water  will  carrA-  the  sand, 
pravel  or  mud  with  it 

Rv   Cochrane's    invemion   the   whole 


tunnel  ;-  tilled  wuli  .lir  under  a  pre-sure 
C(|ual  to  the  pressure  of  the  water.  This 
compres-ed  air  therefore  balances  the 
jiressure  of  the  water  and  holds  it  back 
from  movinp.  and  if  the  pressure  of 
the  air  is  made  sliphtly  preater  than 
that  of  the  water  the  water  is  clriven 
back  from  the  tmmels  for  a  short  dis- 
tance so  that  when  the  timnel  i-  beinp 
dup  the  proiuid  instead  of  beinp  wet  is 
(|uite  dry. 

Tliis  exjilains  the  principles  of  t'ne 
-liield  and  compressed  air  way  of  mak- 
inp  a  tuimel. 

The  follow  inp  ilescrihcs  very  shortly 
how  these  principles  are  jint  to  .actu.d 
use. 

NFost  tmuK'ls  which  are  built  by 
shield  and  coiujire-sed  air  mider  rivers 
or  arms  of  the  -ea  are  lined  with  cast 
iron  plates  to  |>rotect  the  railway  or 
roadway  which  is  in  the  tunnel. 

The  tunnel  is  a  circular  tube,  or  shell, 
.and  the  ])lates  have  fianpes  on  .all  side- 
which  are  bolted  topether.  This  shell 
is  put  into  ])lace.  plate  by  jilate,  by 
means  of  the  shield  which  not  only 
protects  the  workmen  and  the  work 
under  construction,  but  which  hel])s  to 
build  the  iron  -hell.  In  fact  it  cor- 
resjionds  to  the  sea  worm  which  liore- 
throuph  the  wood  .and  lines  the  hole 
with  a  slu'll.  In  the  case  of  the  tunnel 
the  shell  is  made  of  iron.  The  shieM 
it-elf  consists  of  a  steel  tube  or  cylinder 
sliphtly  bipper  in  diameter  than  the  tube 
or  tunnel  it  is  intetuled  to  build.  The 
front  edpe  of  this  shield  i-  made  up 
of  a  rinp  of  sharp  edped  castinps  whicli 
form  wh.at  is  called  the  "cuttinp  edpe." 
Just  behind  the  cuttinp  edpe  is  :i  Inilk- 
luad  or  wall  of  steel,  in  which  are  (r[)en- 
inps  which  may  be  opened  or  clo-ed  at 
will,  llehind  this  bidkhe.id  arc  placed 
a  number  of  hydraulic  jacks  or  pre--;e=t 
arranped  around  the  shield  and  within 
it,  so  that  hy  thnistinp  apain-t  the  l.i-t 
erected  rinp  o{  iron  lininp  the  ivhole 
shield  is  jnishcd  forward.  The  rear  end 
of  the  sliield  is  a  continuation  of  the 
cvllnder  which  funii-.  the  flout  end, 
and  this  part,  called  the  "tail."  always 
overlai^s  the  last  few  feet  of  the  built 
up  ii  Ml  -hell. 
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ThT«  IS  a  piK.lograpli  of  a  mojcl  of  Ihe  Pennsylvania  Tunnels  to  \ew  York  Citv,  maile  for  the  /'ames. 
tnwn  lirciiitvnary  Kx|iiM.ii<ti  of  1007.  It  is  Riven  because  it  illustrates,  as  no  plDtograph  of  "actual 
work  ccuid  ,1.1.  the  rfi,'li..nshiii  lietwcen  the  shield,  the  tunnel  ilstU  acid  Ihc  air  lock.  This  view  sIkiws 
the  rear  part  .if  the  shield  on  the  extreme  left,  with  the  erector  pickiiiif  up  an  iron  pl.ile.  It  shows  a 
man  hnnK.Mg  a  car  with  two  of  the  iron  plates  up  m  the  shield  llchmd  this  man  conies  the  bulkhead 
wall  «ith  ihi'  emergency  air  lock  in  the  top  and  the  ordinary  air  l..ck  f..r  p.issing  in  and  out  at  Ihe  bottom. 
It  also  sli.iws  the  upper  platform  to  the  emergency  lock  along  which  ihc  nun  can  get  to  the  emergency 
lock   in  case  of  an  accident. 


Tin;  (li;mrniii,  I'i;.;.  1,  slunv.s  more 
clearly  what  i-  meant.  I'rom  an  in- 
sjicetion  of  Fis;nrc  1  it  is  clear  that, 
when  the  oi>ciiini,rs  in  the  shield  bulk- 
head are  clnsed.  the  tunnel  is  pntected 
from  an  inrush  of  either  water  or  earth  : 
the  oiieiiings  in  the  bulkhead  may  l)e 
so  rcsjulated  that  control  is  maintained 
over  the  material  jips^cd  through,  .\fter 
a  rinp;  of  iron  lininjj  has  been  erected 
within  the  tail  of  the  shield,  the  shield 
doors  are  ojicned  and  men  p;o  through 
them  and  diir  uut  enouudi  cartii  for  the 
shield  to.  t,'o  ahead.  The  rams  are  then 
thru-t  out  thus  pji^hin^;  the  shield 
ahead.     .Another  rin?  of  iron   is  huilt 


uj)  within  the  t.iil  for  wliich  ]nirpose 
an  h\(lraulic  swiui^inij  arm,  called  the 
"erector,"  is  mounted  on  the  shield  face. 
This  erector  picks  up  the  plates  and 
puts  them  into  position,  one  by  oiu-, 
while  the  men  bolt  them  to<jethcr.  j-lv 
cavation  is  tiieii  carried  on  ayfain  .iiiil 
the  whole  round  of  work  repeated,  fjain 
ini^f  every  time  the  jacks  are  rammed 
or  thrust  out  a  length  equal  to  the 
lenjjth  of  one  rinjj  of  iron  lining.  In 
carryini,'-  out  thi.s  uork  in  ijrouiid 
charj;ed  with  water  the  shield  is  assisted 
by  introduciii!.j  compressed  air  as  tie- 
scribed  before.  To  use  the  compressed 
air  tliick  Iv.dkhcad  wan<  of  masonry  are 


T!ll«    IS    .ii.iliicr    \lt-u    fit    the 

the  air   locks   are   ctcdtl,'   slijwn. 
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limit  nrro<;~  tiic  tnniu'l  lieliiiiil  the  shield 
.111(1  into  \hv  space  Iictwecii  t!ie  shield 
•iiid  the  Imlkhe.ul  wall  air  is  piimiied. 
e.  .iii|ire~sf<l  to  the  same  iiressiue  as  I. .at 
Mt  the  water  in  the  uroiiiid.  or  in  other 
\Mirils  the  ])ressure  of  the  air  in  ]iounds 
per  s(mare  inch  i-  alxiiit  half  the  nuni- 
l)er  of  feet  the  tunnel  i-  helow  the  w  .iter 
surface.  This  dries  the  ijround  and 
siniplit'ics  enormously  the  difficulty  of 
working  in  it.  The  diagram.  (  I'ip.  1  > 
shows  a  bulkhead  wall  across  the  tun- 
nel. In  order  to  pass  from  the  ordinary 
air  outside  the  hnlkliead  into  the  co'iv 
pressed  air  inside  it.  all  the  men  .oid 
the  materials  have  to  pass  through  the 
"air  locks"  which  are  built  into  the  wall. 


liic  iriitsi.le.  I  he  dooi-  ,il  l!ie  eii.l  has 
been  tif^ditly  closed  to  i>revcnt  the  com- 
pre.^-ed  air  from  rushinp;  out.  We  cl-se 
the  door  behind  us  and  .'iri'  iviw  ti^'it 
ly  sliut  in  the  boilerdike  lock.  W  e  imw 
open  a  vaKe  and  compressed  :.ir  be- 
}j;ins  to  llinv  (|uiekly  into  the  air  lock 
and  the  air  }.;ets  hotter  and  hotter,  due 
to  the  comjiression  of  the  air.  \  er> 
likel\-  ,in  intense  (uiin  bc.yins  to  make 
it-clt  felt  in  the  ears  but  by  swallow- 
iiil;  hard  and  l)l(>winp;  the  nose  it  may 
be  relieved.  It  is  caused  by  the  air 
pressure  being  greater  on  the  outside 
lit  the  ear  drum  than  on  the  inside.  If 
the  delicate  ear  passages  are  choked, 
because  of  a  cold  or  some  such  reason, 


Tliis  is  a  r'TitograpIi  tal<en  in  one  of  ttie  Pennsylvania  tunnels  under  tlie  Hvntsnn  River.  It  stiows 
tlie  soft  mml.  ttirniiRli  uliirli  the  tunnel  is  tieine  built,  fiowing  in  a  thick  stream  thrnuRh  one  nf  the  ilcors 
nf  the   "hielil.      The   muil   umler  the    Umlson.   \>hrre   these   tunnels  arc.   is  so  soft   that   .iften  the   shie M    was 

iished    throuRh    the    nni.i    «ith    all   the   doors    shut,    so   that    no    mud    came    into    the    tunnel   ami    no    diyRini? 

ad  to  lie  diine.  but  the  shield  pushed  its  way  bodily  through  the  mud,  the  rings  of  iron  linniR  being 
built  up  Iieliind  as  usual,  (ienerally.  however,  a  certain  amount  of  niud  w.ts  brought  in  and  had  to  be 
removed.     "This  photograph  shows  how  it  looked. 


k: 


They  are  called  air  locks  because  they 
are  like  the  locks  on  a  canal  which  raise 
the  water  froin  a  lower  to  a  hif^hcr  level 
nr  lower  it  from  a  hicrhcr  tn  a  lorwer 
level  as  the  case  may  be.  The  differ- 
ence is  that  an  air  lock  enables  one  to 
r)a=s  from  air  at  -a  low  pressure  tn  one 
of  a  hifjhcr.  or  vice  versa.  .-\n  air  lock 
is  made  like  a  larc:e  boiler  with  a  door 
at  each  end  If  \\v  wish  to  enter  the 
romprc'vil  .lir  w  c  enter  the  lock  froni 


it  is  unsafe  to  s"  further  or  the  ear 
drum  may  burst.  When  the  pressure 
in  the  air  lock  has  reached  that  in  the 
working  chamber,  the  door  leading-  t  i 
the  shield  may  be  opened  and  we  cin 
pass  to  the  working  space  and  note 
the  work  troine  on.  There  is  no  e-pe- 
cial  bodily  sensiuion  to  lie  felt  except 
a  slic^ht  exhilaration  and  it  i-  curious 
to  find  that  one  cannot  whistle.  On 
leavin;;  the  compressed  air  we  enter  the 
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:iir  loi-k  !)>■  the  diwr  wo  left ;  a  valve 
is  tiirm-d  and  tlic  air  heuins  to  escape 
and  the  p^'ssiire  in  the  air  lock  l>e.L;ins 
to  go  down.  As  it  does  so  the  air  be- 
comes coUler  and  colder  and  the  whole 
lock  is  tilled  with  a  wet  fo;,'  ilue  to  the 
chilliiiij  hy  expansion  of  the  air.  The 
air  has  to  he  allowed  to  escajie  very 
>lowlv,  as  huhhles  of  air  and  gas  other- 
wise form  in  the  hluocl  vessels  and  tis- 
sues of  the  hodv  ^ivinij  rise  to  the  very 
painful  complaint  known  to  tunnel 
Iniilders  as  "the  bends."  and  in  very 
-erions  cases  to  jiaralysis  and  even 
death.  The  higher  the  air  pressure  the 
ui  ir-  >li.\\lv  nnist  (me  come  out  into 
the  ordinary  air. 

When  the  shield  has  been  jnished 
across  the  entire  length  of  the  water 
way  which  has  t  •  be  tunnelled,  and  the 
whole  of  the  ircu  tube  or  shell  is  in 
pl.ice,  a  thick  lining  of  concrete  is 
placed  inside  the  iron  shell  to  protect 
"    mikI   make   the   tunnel   -trontrer.      As 


t'-uallv  iilitil  i.ru.ssinK.  uith  a  tunnel,  a  wl.W  river  or  t-stiuiry  iIm-  lumicl  !■,  >tarti  i|  tr.iiii  ,:i,  ' 
nii.l  thf  shicMs  arc  l.ushcil  tlirouuh  Ihf  Kr.iiiii.|  until  they  meet  5..me«hete  al»Hit  tlK  iTii. i.lk-  "f  thi-  river. 
Tliis  sh.ivvs  Hv"  cf  tlie  IVun«ylv;iMia  tunnel  ^Inel.ls  «lneh  lune  met  lar  below  the  Mni|s..n  Kner.  I  he 
«hite  arr.iiv  ^llll•,^«  «lure  eaeli  shield  en.|«.  Ihe  |.lalt..rni  ,.f  niie  »hiel.l  ..n  «hieh  the  man  stan.h 
i-.>rre*i...ti.lH  evaitiv  »ilh  the  |.latf..rm  of  the  other  shiel.l.  .\»  may  he  iinaBine.l.  Jl  tal,<'S  very  rar.in 
ami  »kimul  nigituer.nt!  ami  surveyiliK  work,  li..th  heforc  the  work  is  lieijun  au.l  while  it  is  .elii«  earrie.I 
out.  to  enal.le  tunnel  shicl.ls  to  meet  like  this.  1  his  pan  of  the  art  of  lunntllinij  woul.l  lake  an  .irtiele 
t<i    itself. 


an  .-idded  >afegnard  wherever  the  tun- 
nel is  in  rock,  gravel,  stron;.;  clay  o;' 
other  ground  which  is  not  so  soft  that  it 
does  not  close  tightly  in  on  the  outside 
of  the  tube.  li<|uid  cement  is  forced  by 
compressed  ;ur  through  holes  made  in 
the  iron  |)lates  for  this  i)uni()se.  This 
li(|uid  cement  enters  every  pore  or  crev- 
ice in  tlie  >iirrouniling  i;round  and  when 
it  has  .et  hard  it  still  further  iirotect- 
the  iron  with  a  coating  of  cement. 
Pieces  have  been  ci't  4iiit  of  the  iron 
lining  of  a  tininel  built  under  tlie  river 
Thames  at  London,  I'.ngland,  in  1S6'>. 
which  showed  that  the  iron  at  all  p'aces 
was  as  good  as  the  day  it  was  first  ]  iit 
in  forty  years  before,  and  iron  put  u 
the  lining  of  the  Hudson  River  'I'linnel 
about  IH7H  when  removed  after  thirty 
vears  w.is  in  perfect  condition. 

This  account  of  tunnelling  by  shield 
and  compressed  air  is  very  short  and 
gives  no  more  than  a  bare  statement  of 
the    uriticip'i- -    and    chief     iielhud-    of 
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THH  LAND  LND  OF  A  GREAT  TUNNtL  LNDER  THE  HLDSON    .17 
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£CaOBON  A  MANHATTAK  B.  &. 


riiis  vH-w  i>  Kiven  lt>  shi>tt  Ik'H  ti.mi.Iurftt-.l  an  uiuIerKr.'\in.i  f-tr  AUirt-  iiutv  liavr  t<t  he  mn<W  tn  utUo 
care  -if  tlic  rniniremcnts  ni  traOic.  This  view  shows  the  three  Rfcat  reinforced  rnncretc  caissmis  sunk 
thr'-uK*!  til*"  earth  at  .K'r»;ry  (  ny  in  or.lcr  to  contain  the  switches  and  crnssinRs  re<inireil  to  furni  the 
New    jersey   connections   tif   the   iijilown    and    downtown    tunnels   of    the    Hudson    and    XIanhattan    Railroad. 

These  caissons  were  sunk  tuider  air  iiressure  !)y  excavating  hel-'w  them  just  as  thouwh  they  were 
tunnels  turnci  up  on  end.  In  sinkinR  these  caissotis  the  material  i)assed  through  was  waterdojEj^ed  made 
ground,  and  the  luilU  oi  tw*i  sunken  canal  Iioats  were  encounlerea  and  had  t<»  he  cut  into  pieces  small 
eniitigh    Id    tie   taken    nut   thrniiffh   the    locks. 

The  nsnal  passenger  rusltiiig  at  hi^h  sm-ed  in  the  trains  between  Jersey  City  and  Newark  and  New 
York    has   little    idea    «>f   the    very   complicated    striutiire    necessary    tn    allow    of    his   dning    s<i. 

the  information  in  this  article  was  supplied  hy  Jacnhs  &  Da  vies,  Inc.  Consul  ting  Engineers,  .^o 
Church  Street.  New  York,  the  Kngineers  for  tne  IVnnsylvaiiia  Railroad.  Hudson  River  Tunnels,  the  Hmfson 
,irid    Mai.hattan    Railr<tad.    and    n'any    other    tunnels    in    various    parts   of   the    world. 

I  lie  illustrations  were  kindly  supplied  by  the  I'entisylvania  Railroad  and  the  Hudson  and  Manhattan 
Railroad. 
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tlic  oii;4:iiK'friiii;  (lirticiilucs  iiivolveil  in 
iIk-  (k-i;^!!  (if  >ik1i  unrk.  m)r  uf  tin- 
ik-lii;ili'  snrveyiii'^'  work  in-'Ci-ssarv  it 
mu'  -ImuIiI  1iii|)c  t"  start  two  -Iiields  a 
mik-  or  two  a]iart  aiicl  li  ivo  tlu-m  tm-ct 
as  sliown  in  \'v^.  l.>  like  two  prcat  ijla-- 
tnml>k'r~  placid  rim  to  rim  aftiT  Iiaviii^ 
travclk-il  ilirnusjli  tliniisands  of  feet  ol 
i'Vfr\-  kitid  iif  uniMiid.  \"iit!iiiv^'  ha- 
l)wn  said  of  tlu-  men  who  work  on 
tliis  i;iust  .avdtt'n-.  form  'if  >nl>leiTaMe  m 
naviv'.'ition.  how  tiny  elieerfnlly  face 
the  ilirk  ami  the  water  ever  threaten - 
ing  above  them  ami  t!ie  iniseen  Init  not 
li'>>  deadl\'  allv,  and  vet  foe.  tile  ci>in- 
Iire--e.l  air.  uith  it>  drea(k'd  result,  the 
hend-.  "r  ihe  men  on  the  surface  wlm 
keej!  the  air  cirii]>re»-ors  riinniiijj  with 
out  pansv  cr  >to]i  d.iv  in  and  day  out 
until  the  work  is  <l.tie  s<i  that  their 
comrade-  helow  mav  work  in  safet\. 
Xothiny  ha-  heeti  <aid  of  the  enrion- 
iccidetit-  ih.it  are  liahle  to  occur  as 
when  the  ;iir  ]>re-sure  in  the  ttmnel  pjet- 
too  hii^h.  overhalances  the  water  pre^^- 
•iure  and  lilow-  ;i  hole  rhrotli^'h  the 
river-lied  ami  t'ornis  a  L,'eyser  in  the 
river  all 'Ve.  It  -ives  no  accotmt  of  the 
special  dit'ticnhies  which  arise  when 
<lieci.al  conditi<in~  arc  fotmd :  for  e\- 
rinnile.  when  tlie  lower  part  of  the  tun- 
nel is  in  rock  and  the  upper  part  i-  in 
<oi't  materiil.  In  fact  it  i^  nnthin'j^ 
more  than  a  hare  outline  but  it  ho(ied 
that  -ome,  who  may  not  be  de.arin  their 
u  ind-  .1-  to  liow  tunnels  are  built,  may 
learn  -ouie  of  the  lir^t  )irinciples  of 
this  mo-t  ro'iiantic  kiml  of  «nrk  from 
■'  '     hakl  narrative. 


Why  Do  My  Teeth  Chatter  ? 

^'Mnr  teeth  chatter  bec.nf-i  when  vou 
.-■re  cold  in  a  wa\  that  makes  yf)ur 
tieth  chatter  the  little  muscles  which 
rlo-e  the  iaw  act  in  a  series  of  <|uick 
little  contractions  which  pull  the  jaw- 
up.  ami  then  let  it  f.ill  by  its  own 
weisjht.  'i'liis  is  repeated  manv  times 
and.  as  the  action  i^;  (|nick.  the  chatter- 
insj  occurs.  It  is  a  peculiar  tliiui;  that 
this  occtirs  in  spite  of  the  will  or  brain. 


.V  i.>  ii.  .1-  .1  iii.iio  1  ol  :.u  I.  lliese  mu-v  li  - 
which  operate  the  jaws  are  especially 
ruder  the  control  of  the  br.iin.  The 
chatlerini;  is  really  a  »p;ism  cau-ed  by 
the  cold,  and  all  spasms  act  indepen- 
dent of  the  will.  Cold  seem-,  to  .act 
on  the  jaw  muscles  a  j.;ood  deal  like 
some  poisons  which  cause  sjiasms. 


When-  Did  All  tlir  Water  in  the  0^f•an^ 
Come  From  '. 

\'o,  it  did  not  come  from  the  rivers 
\'hich  em|ity  themselves  into  the 
oceans,  because  the  ficeans  were  there 
before  the  rivers  existed.  I 'art  of  it 
come<  from  the  rivers  now.  biu  only  a 
li'tle  in  compari-on  to  all  the  water 
there  is  in  the  oce.ni.  I  will  try  to  tell 
you  ■>imply  how  all  the  water  ijot  into 
the  ocean. 

There  w.as  a  time  when  th  re  was  no 
w.itiT  on  the  earth  .at  all.  That  w.as 
when  the  earth  w.as  red  hot.  just  as  it 
is  to-d.iv  on  the  inside,  and  at  that 
time  all  the  water  we  have  to-day  was 
up  in  the  air  in  the  form  of  jjases. 
.^tratiu'e  .as  it  may  seem  to  you.  if  you 
l.ike  two  ,i;asi's,  one  calldl  h\ilroi;en 
and  the  other  oxyjjen.  and  mix  them 
the  rii;ht  w.iv.  they  will  turn  into  w.ater. 
and  if  yo;i  had  the  riijht  kind  of  chem- 
ical ap|i;iratus  yon  could  take  w.itrr 
and  turn  it  into  these  ,i;ases  ;ii;,iiu 
When.  then,  the  e.irth  w;is  still  all  red 
hot.  all  of  onr  w.iti-r  was  u]'  in  the  .lir 
in  the  form  of  tlie^e  two  s-'i'^cs.  Then, 
later  on.  when  the  aniouiu  ..f  he.at  on 
the  earth  was  just  rijjht  to  m.ike  these 
fjases  mix  to-jether,  the  w.iter  came 
(lov.ii  out  of  the  air  in  sjreat  i|uantities. 
and  there  u.is  so  tiiuch  of  it  th.at  it 
completely  covered  the  whole  "arth  .and 
no  land  was  visible.  I. .iter  on.  foi 
\.irious  reasons,  mo\int.iins  were 
thrown  up  on  the  earth's  surface  bv 
ureat  earthi|uake«.  and  every  time  .i 
m<innt.iin  or  a  biijh  pl.ace  was  formed 
there  h,ad  to  be  a  hole  or  low  place 
some  place  else,  and  the  water  ran  into 
tiiese  low  ])laces  an<i  stayed  there.  ;md 
th.at  uncovered  more  of  the  land,  be- 
cause there  wasn't  enontjh  water  to  till 
.all   the     loles   and   cover   the   land    too, 
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i:n<\  tli.il  is  what  iiiakfs  our  eoiiliiiciil> 
and  i>iaii(ls  ainl  all  nf  tlic  land  wc  see. 
riu're  is  iiMW  about  tliri'i-  times  as  nnuli 
earth  covered  witli  water  as  tliere  is 
land.  (  >l'  course,  the  sun  is  always 
Iiiekinj.;  up  water  throujjh  what  is  called 
evaporation,  which  means  that  it  !■< 
taken  into  the  air  in  tiie  form  of  fjases. 
Later  it  comes  down  ;i!.,Mi!i  in  the  form 
of  rain  and  falls  into  the  oceans  or  on 
the  land,  where  it  sinks  in,  tinally  lind- 
in^  a  stream  or  river.  ;md  sooner  or 
l.Mer  yds  hack  into  tiie  ocean  ayain. 

Wliv  Don't  the  W.itii  ill  the  Ocean  Sink 
In? 

This  i>  due  to  the  fact  that  there  is 
a  kind  of  sul)st;mce  at  the  hottom  of 
the  ocean  which  the  water  camiot  ))ene- 
trate,  in  spite  of  tiie  tremendous  pres- 
sure which  the  fjre.it  hody  of  <lee|) 
water  exerts.  In  all  jilaces  where  the 
hottom  of  the  ocean  has  a  covering; 
uhich  w.iter  can  sink  into  it  does  so. 
hiu  there  are  such  a  few  places  where 
this  is  possihle,  hy  comparison,  th.it  the 
amount  th.'it  );ets  out  that  way  is  not 
tioticeahle.  '\'\v  ■  water,  if  it  can  keep 
on  >,'f'ini,'.  will  eventually  re.ach  the  in- 
side of  the  eartii.  where  it  is  red  hot, 
and  is  tiu'iuil  into  >teain. 

Where    Dries    tiie    Water    in    the    Orean 
Go  at    Low  Tide  '. 

ill  i;ii  111  llic  answer  cif  this  \  oil  must 
know  somethinsj  about  the  tides.  The 
tide  is  caused  by  tlie  p  11  of  tiie  moon 
on  the  waters  in  the  ocean.  Tiie  munti 
revolves  about  tlu  "arth  once  each  day 
and  has  tiie  al»ilit\  to  dr;iw  u]i  the 
waters  in  the  ocean  toward  it,  as  we 
have  seen  in  our  stuily  of  the  tides. 

Now.  when  it  is  lii>,'h  tide  in  one 
pl.ue  it  is  Idw  tide  in  anotiier.  'i'lie 
pioou  <loes  not  m.ike  more  water,  but 
f.nlv  ptlUs  it  toward  it  from  sich'  to  side 
When  it  is  Inw  tide  where  we  are  the 
water  lias  siinjiU  nmvecl  as  ,i  bmh  ln- 
'     in!    the   I'l.iee   when'   it    's   lijijli   tide 

The  tides  act  a  yood  deal  like  :i  see- 
s.iw,  except  that  they  move  from  side  to 
side  instead  nf  up  and  down.  When  one 
end   (if   til''   s^•e  s.-iw   i;<ics   up   the   dtlur 


end  jiUL-s  down,  and  when  liie  "down" 
end  comes  up  the  other  end  ^oes  down. 
So  the  answer  to  your  i|uestion  re.dly 
is  tliat  at  low  tide  the  water  which  made 
it  IukIi  tiilea  few  hours  before  h.is  yoiie 
ti.  some  place  where  it  is  at  that  mo- 
ment higii  tide. 

Why  Dots  tlic  Oeeaii  Look  Blue  at  Times 
and  at  Other  Times  Qieeu  .' 

."sometimes  when  we  look  at  the  oce.in 
from  the  pavilion  or  while  on  the  s.ind 
of  our  favorite  hatliin;,'  be.ich  the  w.iter 
ill  the  ocean  looks  very  beaillifulls  blue, 
.'iid  on  other  ilavs  will  look  dark  u'recii 
from  the  s;uiie  point.  \\li>  is  it?  If 
you  will  stop  to  think  th.it  at  ni},dit  when 
there  is  no  moon  or  other  lii,dit  the 
water  in  the  ocean  looks  black.  1  think 
\ou  will  soon  be  on  the  riylit  track  to 
answer   the   i|uestioii    yourself. 

Wh''n  the  sky  is  blue  -  the  kind  of 
blue  we  like  to  see  in  the  sky  when  we 
are  at  the  beach- tile  w.iter  in  the 
ore.iii  is  blue,  because  the  sea  rellects 
the  color  of  the  sky.  .and  when  the  sky 
is  overcast  :ind  },'ray  the  color  retleiti'd 
by  the  sea  will  be  jir.iy  aKo. 

Rut,  say  voti,  sometimes  the  water 
i:i  the  ocean  is  dark  jjreen,  ;iiid  yet 
the  skv  is  never  tjreen.  (Jiiite  true, 
and  I  will  try  to  tell  you  what  jiroduces 
the  },'reen  color.  This  happens  some- 
times where  the  water  is  shallow, 
eitlur  near  the  shore  or  out  further 
whiTe  there  is  a  sandbar  or  otiur  slml- 
!.iw  place.  Sometimi's  at  such  ])oiiits 
the  sunlifiht  strikes  the  water  at  such 
.ji  ant;le  that  the  r.iys  <;o  clear  to  the 
liiittom  and  are  reflected  from  that 
lioi'it — the  bottom — to  our  eyes.  In 
such  a  case  the  li.i;ht  will  be  cliani,'ed 
ibroutrh  a  combination  of  the  color  of 
the  bottom  at  that  ]ioint  and  the  color 
of  the  sky  itself  at  the  time  to  make 
tlie  color  ereen  as  it  is  retlected  to  mtr 
I'ves  from  the  bottom. 


Why  Does  Water  Run? 

Water  riiiis  iiecause  ii  has  um  enou,t;ii 
of  anvthinir  in  it  to  irake  it  stick  to- 
Uither. 

In  scli(!iil  laiit;ii;iuc  we  I'all  this  stick- 
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WHAT    MVMS    WATIk    ROII. 


inR-tojjetla'r-tliinjj  "cohesion  "  lln- 
Iiritici])lf  lit  i(>!ir>ioii  iiiaki-s  .ill  llu'  <lii- 
liriiK'c  tluTc  IS.  SI)  to  speak.  I)it\vct.'ii 
sdliils.  lii|uii|s  and  };aM-s.  A  liriik,  a 
••toni-,  a  stick  of  wooil,  or  a  jiiccc  of 
iron  and  all  otluT  solid  siii)stanccs  have 
a  certain  aiiuunit  of  this  iiropcrty  of 
cohesion,  and  the  jiarticles  stick  to- 
i;clher.  enahlinR  us  to  huild  huildinj;s 
:ind  other  things  which  heconic  perina- 
iieiit  structures.  These  solid  siih>tances 
are  either  naturally  cohesive  or  else 
n;an.  as  in  the  ca.^e  of  the  hrick.  has 
hroutht  together  certain  things  with 
little  or  no  cohesion  and  made  tlteni 
*-tick  to);ether  (lertnanently.  In  the  case 
of  the  l»ricl»,  he  takes  a  (|uantity  of  clay, 
whic!)  is  cohesive  only  to  a  certain  de- 
tree,  hakes  it  in  an  oven  and  it  hecoines 
h;ird  enou;;h — more  cohesive  -so  ili.it 
he  cm  pile  one  on  top  of  the  other 
and  make  a  buililinj;.  Then  he  puts 
sand,  mixed  with  other  tliinj,'s  -lime 
ami  water — hetween  the  hricks  to  huld 
the  hricks  together,  and  makes  ;i  struc- 
ture that  will  last.  Two  hricks  have  no 
r.atur.il  cohesion  for  eacii  other  and. 
therefore,  they  can  only  he  held  to- 
gether hy  soniethinj;  that  has  cohesion 
within  itself  and  also  for  the  hricks. 
The  lime,  sand  and  water  make  mortar 
which  is  cohesive  when  properly  mi.xed. 
vvhile  in  them>elves  neither  lime  nor 
s;.nd  have  much  cohesive  property,  and 
water  has  none  at  all. 

I.iiiuids  h.ive  little  or  no  cohesion. 
W.iier  hat  none,  or  very  little.  Syrup 
lias  a  good  deal  more,  hut  will  run  over 
the  edge  f)f  a  piece  of  bread  and  hutter 
if  you  are  not  careful. 

Gases  h.'ive  no  cohesive  i)roperties  at 
all  and.  therefore,  tly  all  over  the  i)lace. 
through  any  ojieniii};  they  can  find, 
either  at  the  top  of  tlie  room  or  under 
the  cnick  of  the  door.  They  are  alw;iys 
trving  to  get  to  some  place  else  and  will 
keep  moving  as  lon.g  as  not  confined 
Cases  can  move  in  any  direction. 

I-ii|uids,  however,  while  thev  are  in- 
clined to  he  constantly  on  the  move,  can 
onlv  go  in  one  direction — down  hill,  and 
tliev  go  douii  fast  or  .slow  if  there  is  a 
chance,  in  prr>|iortion  to  the  .iniount  of 
stick-together  jirnperties  they  have, 
l.i'iuids  can  never  go  up  of  their  own 


.'(((ird.  excepting  in  the  jirocess  of 
evaporation,  and  then  only  when 
ch.inged  into  gases.  A  lake  of  water 
will  dry  up  completely  by  evaporation 
cnless  fe(|  by  streams  of  water  con- 
stantlv  flowing  in.  because  ev;i|)oration 
is  constantly  t.iking  pl.ace  wherever 
water  is  exposed  to  the  air. 

What   Happens   When   Water   Boils ' 

What  ue  call  lnnhng  in  the  w.iler 
we  see  when  water  is  ])ut  over  a  hot 
fire  long  enough  to  make  it  boil,  is  the 
changing  of  tlie  w.iter  from  what  we 
generally  regard  it  —  a  li(|uid  —  into 
steam.  When  a  vessel  containing  water 
is  first  heateil  from  below,  the  water 
nearest  the  bottom  is  at  a  higher  tetn- 
peraiure  tiian  the  water  above  it.  ami 
reaches  the  boiling  point  first.  The 
buhhles  of  ste.iin  formed  there  rise  at 
once  and  arc  immeiliately  surrounded 
by  water  in  the  Layers  of  water  above. 
Tiie  water  in  these  upper  layers  is  be- 
low the  boiling  |)oint.  W  hen  these  bub- 
bles of  steam  rise  an<l  become  sur- 
rouiuled  by  the  higher  water  which  is  at 
a  lower  temperature  the  jires>urc  be- 
comes too  great  for  them  and  they  ex- 
jilode  or  collapse  with  a  slight  snund. 
These  sounds  come  in  rapid  succession 
when  water  is  boiling,  and  the  constant 
stream  of  collapsing  hubliles  make  the 
"singing"  noise  of  the  kettle. 

\\  lien  all  of  the  water  in  the  kettle 
reaches  the  boiling  ]ioi!it  the  steam  bub- 
bles rise  to  the  top  and  escape  from  the 
surface,  giving  us  our  visible  idea  of 
boiling  water.  (>nly.  however.  i\hen  it 
is  boiling  can  the  bubbles  rise  to  the  sur- 
f.ace.  for  until  all  of  the  water  boils 
there  is  always  some  part  of  it  at  a 
tem])erature  lower  than  the  boiling 
point,  and  then  the  bubbles  collapse  be- 
fore reaching  the  surface  on  account  oi 
the  i)ressurc. 

At  What  Point  of  Heat  Does  Water  Boil  ? 
Tiie  boiling  point  of  water  is  tl-.c 
iimperature  at  which  it  begins  to  p.iss 
into  the  form  of  gases.  This  v.aries  ii; 
ditTerent  altitudes.  .\t  the  sea  level  tin- 
boiling  point  is  at  212°  Fahrenheit,  (hi 
the    to])    of    mountains,    for    instance 
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water  wuuli!  boil  at  a  imu-li  Iowit  tcm- 
|iiTatiirc.  It  woulil  ))c  possible  to  no 
lr),'li  ciioiif;!!  ill  a  lialliioii  >o  that  tin- 
watir  uimlil  lly  I'mm  tlu'  pan  in  tlie 
I'urni  of  j,'as  wiihoiii  iiiakinj;  tbi-  water 
iiot.  .\Un,  a  mill-  below  tlie  level  of 
tlie  >ea  it  would  take  many  more  <le- 
j^rees  of  heat  to  make  the  water  boil. 
It  i^  said  that  iii),d)  np  in  a  balUxJii 
>i'U  conld  not  boil  an  e};n  lianl  in  a 
I'an  of  boilini,'  waler  if  you  kept  it  in 
the  boiiiti';  water  for  an  hour  or  more, 
whereas  we  know  that  an  ej;>;  will  be 
hard-boileil  if  we  kee]i  it  in  boilinij 
water  down  where  we  live  for  more 
than    live   minutes. 

'{'he  ileiiree  of  heat  .it  which  water 
passes  away  into  the  form  of  j,'ascs  is 
nyulated  by  tlie  pressure  of  the  air 
on  the  water  and  other  thinj,'s  alxmt  us. 
.\t  the  averaf;e  levi'l  in  the  I'nited 
Slates  where  ]>eople  live  the  pressure  of 
the  air  <in  ever\thint,'  is  llfteen  pounds 
lo  the  s(|nare  inih,  and  at  this  pre>sure 
water  lioiK  only  after  it  ri'aelies  a  tem- 
perature of  .Mj'  I"ahrenheit.  As  we 
t,'o  u|>  the  mountains  the  ])ressiire  bc- 
eomes  les-  and  less  as  we  ,i;o  up.  At 
the  top  of  .Mount  {'.lane,  whieh  is  i5,7Si 
f<et  hii;h.  water  boiK  at  rX^  I'ahren- 
I'eit.  If  we  took  a  balloon  from  the  to]i 
of  the  inuunlain  we  would  come  to  a 
lieisiht  when'  tlure  was  no  air  pressure 
ai  all 

What  Do  We  Me.iu  by  Fahrenheit? 

1  lu-  name  bahnnluit  is  used  to  dis- 
tinguish the  kind  of  scale  most  com- 
p.only  used  on  tbermonieters  in  ( ireat 
Hritain  and  the  I'nited  States.  (Gabriel 
Paniel  l'"alnenheit.  a  native  of  naiUztc, 
made  the  lir~t  iherinomettT  on  which 
this  scale  was  used,  and  it  is  named 
after  him.  In  this  scale  for  thermome- 
ters the  si)ace  between  the  freezinjj 
point  and  the  boilini;  point  is  divided 
into  iSo  i!ei;rce~~  the  point  for  freez- 
int:  beint;  marked  _^J  dej;rees  and  the 
boilini,'    point    JIJ    dei/rces. 

Why  Can't  We  Swim  ,is  Easily  in  Fresh 

Water  as  in  Salt  Water? 

'  mr  bndic^  arc  bcavier  than  frc^h 
water,  i.  e..  a  bulk  of  fresh  water  e(|ual 


less  than  our  body,  so  that  the  first 
tendency  is  to  sink  to  the  bottom  if 
we  titid  ourselves  in  frcNli  water.  It 
tiiaii  had  not  learned  to  swim  that  is 
what  he  would  alwa>>  do.  sink  lo  the 
bottom;  but  liavinj;  learned  how  to  keep 
from  sinkinj;,  he  i«.  able  to  >wiiii  in 
lre>h  water.  However,  we  liiiil  that 
an  amount  of  s;ilt  water  ec|ual  to 
the  bulk  of  a  man  in  size  is  heavier 
ihaii  an  ec|ual  amount  of  fresh  water, 
.dihounh  such  a  bulk  of  orclinary  salt 
sea  water  will  still  weij;h  less  than  the 
man.  .\  man  will  sink  in  salt  water 
aKo  if  he  h:is  not  learned  to  swim  or 
lloat,  but  he  can  keep  up  with  less  effort 
111  salt  water,  and  also  swim  in  it  more 
easily.  In  a  nutshell,  then,  the  answer 
to  this  <|uestion  is  that  salt  water  is 
heavier  than  fre>li  water.  N'ou  can 
make  salt  water  so  full  of  ^alt  that  it 
becomes  heavier  than  a  man.  <  ireat 
^.ilt  Lake  in  L'tali  is  so  salty  that  one 
cannot  sink  in  it  for  this  reason.  You 
could  drfiwn  yourself  in  it.  of  coUiSc. 
by  keeping;  your  head  under  water,  but 
whether  in  shallow  water  or  detp 
water  vou  wouM  not  sink  in  dreat  ."^alt 
lake.  ■ 

Why  Do  We  Say  Some  Water  Is   Hud 
and  Other  Water  Soft? 

\\  h.it  wc  call  hard  water  contains 
certain  salts  which  soft  water  does  not 
contain.  This  salts  in  hard  water  is  lime 
or  some  other  salts  which  the  w  ater  has 
picked  up  nut  of  the  t,'roun'l  as  it 
jiassed  throufjh  either  coniini:  u]i  or 
tjoinn  down.  (  )n  the  other  hand,  w  c  c;m 
1,'uess  after  liavini;  been  told  this  much 
that  if  we  can  timl  any  water  th.it  has 
not  passed  throui;h  ilie  fjroiind.  and. 
therefore,  not  had  a  chance  In  pick  up 
any  salts,  we  will  have  soft  w.iter.  From 
ihat  point  it  is  easy  to  jjuess.  tiien,  th.it 
niin  water  must  lie  soft  water,  and  so 
it  is.  The  water  in  the  cisterns,  which 
is  rain  water,  is  soft  water,  and  the 
K'nd    \M'   u' t    "lit   of  the   well>   i>   hard 
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Mi'  to  wri-h  cither  our 
clothes  in  hard  water, 
especially  when  it  is  nccessarv  to  use 
soap,  because   when   wc  n-e  ■■":!;•  v,it!i 
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liaril  water  the  snap  un(lcrj;ofs  clicmioal 
clianiii'  wliioli  privoiUs  it-*  ili—.olvtiin 
ip  tin-  watiT.  riuTtiiiri'.  ymi  caniutt 
easily  i|i>  a  jjoud  juli  of  \\a>liiiin  in  hard 
watiT.  ( )ii  till-  (iiliir  liaiiil  it  i->  ca^y 
1(1  ilis^olvi'  tlu'  soap  in  piirc  rain  water 
<ir  Mift  watiT  anil  that  is  tlii'  kincl  wi-, 
tlwTt  fnri'.  pri'i'cr   ii>r  washing. 

How  Does  Water  Put  a  Fuc  Out? 

lii>  is  at  I'irst  a  puzzliii)^'  (|U(.'stiim, 
Im.iiHf  liaik  in  \(Hir  niiiid  i>  tin; 
ihonyhi  that  sinn-  hydrojii'ii  and  oxy- 
1,'i'n  arc  iiiTissary  to  niaki'  a  liri'  Imrn, 
it  si'iins  ^iranjii-  that  watiT.  whioli  is 
i(inip()«rd  iif  iixyjjin  an<l  hyiirnmn,  will 
aKii  pnt  it  lint. 

\  liunnn;^  lire  iliruws  ulV  lu-at.  hut  if 
111"  nutih  iif  the  luat  is  taken  fmni  tlu- 
lire  Slid, III  iy  tlu'  ti'inporatnrr  nl  tin- 
tiro  is  sent  down  so  far  hilow  the 
point  at  whiiii  the  oxyjjen  of  the  air 
will  coiiihine  with  it  that  the  t'ire  ean- 
not  hum.  We  speak  eonmionly  as 
ihonyh  water  thrown  on  a  lire  drowns 
it.  That  is  juailieatly  what  happens. 
Siientil'ually  what  happiiis  is  that  tile 
water  thrown  njion  the  lire  ahsorh-  so 
hhkIi  of  the  luat  to  itself  that  the  tem- 
perature of  the  tire  is  redneed  below 
the  point  where  oxviien  will  eonihine 
with  the  carhon  in  the  hurninj,'  material 
and  the  lire  l^oes  out. 

To  answer  the  unasked  part  of  \oiir 
nnestion  at  the  s.-mu-  time  I  will  say 
tiial  hydro,i;en  and  oxyj,'en  when  coni- 
hined  as  water  will  put  the  lire  out 
rather  than  make  it  hum,  more  because 
when  the^e  yases  take  tl:e  form  of 
water  they  are  already  once  burned, 
and  you  know  that  anythini;,  substance 
fjr  R.is,  which  has  .already  been  burned 
c.'.nnot  be  h\irned  ayain.  It  required 
fireat  he.it  to  m.ike  oxy[;en  and  hydro- 
5,-en  combine  and  form  w.ater.  ;md  it 
also  taki-s  (ireat  heat  to  sejiarate  them 
;ii;ain.  So  ihcy  are  really  burned  once 
In  fore  they  become  w.iter. 

Wb.'re    Does  tl'.''  Ram   Go ' 

i-Aentually  almost  all  of  the  rain  that 
fiills  runs  into  the  rivers  ,ind  lakes 
and  later  fmds  its  wav  into  the  (K-eaii, 


where  it  is  ajjain  t.ikeii  up  into  the  air 
by  the  sun's  rays.  I'.ui  many  other 
tilings  h,i|ipen  to  p.arts  of  the  r:iin 
which  do  not  lind  their  way  into  the 
ocean.  In  the  paved  street,  of  course, 
where  the  w.ater  cannot  sink  in,  it  flows 
into  the  j;utler  and  thence  into  the 
»ewir  ,ind  on  down  to  the  river  or 
wherever  it  is  ih;it  the  sewers  are 
emptied.  \n\\  sie,  it  depends  very 
much  on  what  the  earth's  surface  is 
lovered  with  at  the  place  where  the  rain 
f,dls.  When  it  strike-  where  there  \* 
vejjet.ltion  ,i  ^;re,it  de,il  of  it  stjiys  in 
the  soil  ;it  a  depth  of  comp,ir:itively  few- 
feet.  If  it  is  -oil  where  trees  ;mil  other 
pl.iiUs  iiTnw  .1  ;;re.it  de.il  of  it  is  sucked 
U)i  from  the  >;round  by  this  vegetation 
■'md  niven  back  into  the  air  lhrou,i;h 
the  leaves  rnid  flowers.  Some  of  the 
rain  keejis  sinkinj.;  on  down  into  the 
e.irth  until  it  strikes  some  substance 
like  rm-k  or  cl.ay,  thronnh  which  it 
caimot  sink,  .and  then  it  follows  .alonj; 
this  until  it  linds  somethint:  it  can  K<-"t 
throu!,'h  .and  collects  in  ;i  pool  and 
forms  an  underground  lake,  and  may 
cause  a  sprini;  to  llow.  Then  there  are 
I  1)  wonii .  ,i;':d  other  forms  of  anini.-' 
nfe  in  the  earth  which  use  up  sotne  o. 
the  water.  Hut  it  all  yi-l-  back  into  the 
air  eventu.illy  to  come  down  some  time 
ajfain  in  the   form  of  rain. 

Why  Does  Lain  Make  the  Air  Fresh? 

The  main  .■iii-wir  to  this  ijuestioii 
must  be  that  the  rain  in  comin>^  down 
throufjh  the  .air  drives  the  dust  and 
other  impurities  which  are  in  the  air 
before  it,  and  so  cleans  the  air  and 
n-akes  it  .ibsolutely  clean.  In  addition 
to  this  it  is  now  st.ated  th.at  sinee  very 
often  rain  is  iiroduced  by  electrical 
(.haiifjes  in  the  air,  and  th.at  these  elec- 
trical chanj;es  produce  a  ]i;.is  called 
ozone,  which  has  a  deliirht fully  fresh 
smell,  it  is  this  ozone  th.it  m.akes  us 
say  the  ,air  has  become  fresh. 

The  air  above  our  cities  is  .almost 
constantly  filled  with  smoke,  coiit.ainini; 
v.arious  poisonous  };ases,  ami  these  arc 
driven  away  by  the   fallinjj  rain. 

Then,  too,  there  is  aluavs  .a  greater 
or   less  accunuilitidii   of   dirt,  garbage 


WIIM     M\MS    rHI     KNOIS    IN    I'.OXPDS 


ami  iitliiT  Uiiii';^  in  tlu' titH"*  wliti-li  k'v*" 
olT  Mll'iiisivf  snulls  constantly,  but 
whii-li  wf  (111  not  iu)tit.'c  always  iKvauso 
\vf  Ikiuiiii'  iixi!  to  thiin.  Whin  tlio 
rain  cniiios  down  it  waslit-s  tho  >-troets 
iini!  i!i->triiys  tlu-i-  snielN,  anil  that 
niakis  the  air  fn^h  ami  ilfliKhtful  to 
laki'  into  tin-  ltinj;s. 

in  till-  lotniiry  tin-  air  is  more  nearly 
pure  ait  the  time,  heiause  the  thiiijjs 
whiili  s)H)il  the  air  in  the  city  are  not 
present. 


Is    ,\    Train    Hanlcr    to    Stop    Thau    to 
Start ; 

The  answer  is  yes.  it  is  li:iriler  to 
stop  a  train  tliaii  to  start  it,  or  ratlur 
it  takes  more  iiower.  I'he  spee>l  of  a 
train  ilejieinls  upon  the  motive  )M>\ver. 
When  :i  train  is  stoppeil  and  yoti  wish 
to  start  it.  you  must  apjily  enoiij;h  mo- 
tive power  to  start  it  };"'"K-  Ihere 
must  he  enoujih  power  to  move  the 
vvei^lit  of  the  train  anil  overcome  the 
friction  of  tlie  wheels  on  tlie  track.  It 
is.  of  course,  e.isjcr  to  move  a  thing 
tliat  Weighs  liss  than  a  heavier  one. 
If  \,iu  •lirow  a  liail  ten  feet  into  the 
.lif.  it  will  i>erhai  :  not  stiiif;  your  hanil 
when  \ou  catch  it  on  its  return:  hut, 
■f  you  throw  it  one  hunilred  leet  into 
tin-  air.  it  will  stinu  your  hands  wlien 
M'li  catch  it.  besides,  it  will  come 
down  faster  the  l:tst  ten  feet  of  the 
way  tlian  the  hall  which  you  threw 
oidy  ten  feet  into  the  air.  This  is  he- 
cj'.use  when  movement  is  ap)ilieil  to 
anvthint;  you  add  power  to  it.  The 
t'.-iil  which  comes  down  from  one 
I'.undred  feet  in  the  air  ac(|uires  more 
power  in  falliTij;  :md  it  takes  more 
power  to  sto)i  it.  .\  train  in  motion 
li;.s  not  only  the  power  of  the  weii;ht 
of  the  tr.'iin  hchind  it.  hut  also  the  ad- 
(htional  weiijht  which  tlu  niovcincnt 
oi'  the  train  h:is  jjivcn  it  I  hcrclnre. 
ii  takes  more  power  to  stop  it  than  to 
start  it.  To  stop  a  train  you  must  ap- 
ply the  same  amount  of  power  as  is 
i'l  the  muxiny  train  hccausc  tlie  power 
tc  stop  any  niovint;  thini,'  must  ahv.ivs 
he  at  least  as  great  as  the  power  wliich 
is  moviiii'  it. 


Wli.tt   Makes  the  Knits  In   Boards! 

We  lind  knots  in  the  hoards  wiiich 
we  notice  in  a  iumlKT  pile  or  in  any 
I. titer  place  wiiere  hoards  happen  to 
he,  because  the  sm.dler  limhs  wliich 
j;row  away  from  tlie  larjjer  limiis  of 
fees  (;row  from  the  inside  as  well  .as 
tlie  outside  of  ihe  tree. 

When  you  see  a  knot  iii  a  Imard  it 
means  that  hefore  the  tree  was  cut 
down  ;ind  llie  ioj;  s.iwimI  up  into  lio.irds, 
:i  limh  was  (^rowiii;;  out  from  the  in- 
side of  the  tree  at  the  spot  where  the 
knot  occurs. 

Vou  will  also  lind  that  the  wood  in 
the  knot  is  h.irder  j;ener.'illy  tlian  the 
rest  of  tlie  Iioard.  This  is  iiecause 
more  s|ren.i,'lh  is  rei|uireii  ;it  tlie  li.iso 
of  a  limh  and  in  the  part  of  tlic  limi) 
which  arvw  inside  tlic  tree  than  in 
fither  parts,  for  the  limh  must  in  strong 
etiouKh  to  support  not  only  the  limh 
it' elf,  hut  also  the  -m.dlir  limhs  which 
j;row  out  of   it. 


How  Many  Stars  Aic  Thpre  ? 

M.'in  may  nexer  know  how  many 
stars  there  are.  The  licst  we  can  do 
IS  to  tit;ure  on  the  numher  that  can  he 
seen  witli  the  lari,'est  teiescojie--  which 
have  heen  invented,  for,  of  course,  you 
know  there  must  he  many  millions  of 
tliem  which  to  us  are  invisible.  We 
have  conntcil  the  stars  so  far  as  we 
can  see  tliem:  or,  rather.  :0  far  as  we 
can  phototjra|ili  them.  .\stn  nomers 
have  found  that  a  photo.i;raphic  plate 
exposed  to  the  stars  will  show  more 
of  them  than  can  lie  seen  by  the  naked 
eve.  This  is  because  the  materials  on 
cT  photographic  plate  are  more  sensi- 
tive to  tlie  li};ht  of  the  stars  than  the 
human  eye.  I'.y  this  method  tiian  has 
ht  en  able  in  a  way  to  count  tlie  stars 
h'  .■  :n  see.  It  adds  up  to  more  than 
n  'r  ndred  million  of  them.  .Astron- 
omers found  this  out  by  taking  pho- 
to;:ra5)h-.  ;::'  ;:;;-  heaven.s  at  night,  de- 
biting one  picture  to  eadi  section,  un- 
til tile  entire  lieavcns  had  been  cov- 
ered, and  tlu'ii  counting  them. 
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UHFRF,  PAINT  COMES   PROM 


WA*.i.Su   l.l..\J    BLlIvLLs — lUfc   HKo»    alU'   l.N    I'Ai.M    MAKiNo. 

The  Storv  in  a  (>an  of  Paint 


Paint  such  a.-,  i^  most  frequently 
used  is  ilic  material  used  for  jiaintinjj 
liuililiuijs,  .-uel)  as  houses,  bams,  stores, 
and  many  others  which  wc  need  not 
mention  here.  This  ])aint  is  used  on 
tlic^e  hniliiintjs  mostly  for  two  very  im- 
jiortant  reasons — one  heinp  to  Iieautify 
the  huiMin,i;s,  the  other  beinj;  to  ])ro- 
tect  them  from  the  ravages  of  the 
weather,  much  in  the  '^ame  way  that 
your  clothes  protect  you  from  the 
weather. 

I  'aiiit  such  as  we  mention  here  may 
he  re;,'anjed  as  the  most  sim])le  and 
useful  form.  \'ou  have  no  douht  frc- 
rjuenlly  seen  the  ]i;iinter-man  spreailinjj 
liaint  on  some  huildins,'.  or  perchance, 
you  have  seen  your  father  dointj  it,  and 
iiavc  noticed  that  paint  is  a  fluid  sul)- 
stance  lookinij  somethintj  like  cream, 
which  is  applied  to  the  surface  to  be 
paintecl  >;tli  a  suitable  brush  and  h 
brushed  .nt  smoothly.  After  the  first 
c(.at  is  dry,  other  coals  are  jiut  on  in 
the  same  wav  tmtil  eiuntcli  paiiit  has 
been  juit  on  to  thoroufjhly  hide  tlie  nn- 
cvcnness  of  the  lumber  and  maUinj;  it 
of  a  uniforni  color. 


This  paint  is  made  by  simply  mixincj 
tof^'ther  dry  powder,  which  is  usually 
c;dled  ]iii,Mnent,  with  a  thin,  yellowish 
li(iuid  which  is  c.illecl  linseid  oil.  In  the 
e.irlier  days,  the  |i,iinter-m.in  mixed  this 
p.iint  himself  wlienever  he  desired  to 
use  it.  In  these  more  modern  times,  he 
Usually  buys  this  p.iint  .already  prc- 
jtared. 

Perhaps  a  little  history  of  the  jtrepa- 
ratioii  of  the  jiack.iije  of  a  can  of  ]i.ii'it 
which  he  buys  may  be  interestinij  to 
yon. 

Let  us  imagine  th.it  the  can  of  paint 
is  white.  In  this  case,  the  |)i,i,'mi'nt  whicli 
is  used  is  a  white  (xiwder  anil  is  made 
of  either  metallic  lead  or  mel.illic  zinc. 
The  prep.ar.itioii  of  this  line  white 
powder  is  very  interestini;  and  re(|uires 
ci  ni'derable  time  to  perfect. 

Let  us  ctmsider  the  pigment  known 
as  white  lead  first.  This  is  produced  by 
causinjj  metallic  lead,  which  is  of  a  blu- 
ish-gray color  and  very  heavy, to  chaii^jp 
from  its  oricrinal  fomi  bv  a  process 
which  is  known  as  "corrosion."  This 
corrosion  is  brouijht  aliout  by  first  tak- 
ing the  m<-   Hie  lead,  which  at  this  stage 
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l.t.M>   llKINl,   T\KtN    iiLT   (IK   IHi;    bTACKS. 


Tlir  next  <\C[>  i<  to  take  .in  liirtluiuvarr  \is<il.  wliicli  re -iiiiliK-s  .lii  nrrlinnry  itoiic 
iToik.  ami  rir>t  \V'\\r  iiitu  it  a  >iiiall  ijiiantity  of  aciiic  acid,  wliidi  is  atxuit  thi'  same  as  talilc 
vtm).:ar.     Then  the  cri)ck  nr  iint  is  tillnl  up  witli  tile  hail  Ijiiekles. 

Where  this  while  leml  is  ni.nle  in  .i  l.iiKe  way  many  tliou.saiiils  nf  these  jints  are  placerl 
in  a  iMnliliiiK,  tile  sides  iil  which  are  walleil  up  ti^lit.  the  spaces  lietween  the  crocks  heinK 
Idled  ill  with  tan  hark.  .\l'ter  the  floor  lias  heen  covered  with  a  layer  of  these  crocks,  the 
laxcr  IS  co\ered  with  lioards,  in  oriler  to  provide  a  foundation  for  settiiii;  in  the  next  layer 
of  crocks  .mil  t.iii  h  irk.  The  layer  of  hoards  also  serves  as  a  tloor  to  keep  the  tan  hark 
from  fallini;  into  the  open  crocks  on  the  tier  helow.  This  procedure  is  followed  with 
tier  after  tier  until  ll;c  huildiii;{  is  completely  I'dled. 

(.  orrosion  of  the  nutallic  lead  in  the  pots  now  hcgins,  liecatisc  the  tan  hark  fjencratcs 
some  he.it.  hecomini>  I'rially  cpiite  warm.  This  he.it  causes  the  acetic  acid  or  vineyar  to 
throw  off  v.apor  o-  steam,  which  attacks  the  metallic  lead,  cansini;  it  to  decompose  or 
corroiic.  This  process  Ki'es  on  for  many  weeks  (sometimes  as  much  as  Tifteen  or  sixteen 
vMiksi.   until    those   huckles   of   nielallic   lead   have   liecoiue   a   iii.i--,   ..f    white    powder   and 

1>   kll  trace  of  the  oriKiual  metallic  lead  has  disappeared. 


A     I.KAh     nil  KI.I      AllTR     1  flRIiosiQV. 
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HOW    ()\II)I     Ol     /.INC    IS    OBTAIN!:!) 


\V.\SHIN<;  TIIF.  LK.Ml.      StRF.F.NS  COVERIll  WITH   (  IJiTH   REMOVK  ALL  FCIREIGN    M  ATTfS. 

\ii.  I  lii'  -'  many  week.,  liavt  pa>-si(l.  tlie  i>iit>  cniiiainini;  the  wliite  puwkr  •.f  carl'oiiatc 
.,{  liaM,  a>  It  l^  ealled.  is  taken  uiit  »i  the  hiiihliiiK  where  c<)rro«i..ii  f.ik  jilace.  and  the 
«!iin  .Kpi.sit  is  put  thr..ii>'li  an  elahnrate  syMein  ..I  reiining.  which  i>  called  ••wa>hiiii:.' 
aii.l.  in  tact,  is  re...ly  wa-lied  in  water,  and  is  then  dried  it  very  lar^e  eoppcr  paii'^. 
After  LeinK  dried  it  is  in  the  Innii  .if  larye  white  cakes,  roeiiihhiii;  |iiece.  ol  chalk.  The-e 
cakes  arc  tlien  pa>vr.l  thr.niyh  a  mill,  which  t;riii<ls  ihein  tn  very  line  pnw.Ur.  uhicli 
ILieked  in  barrels  rc;dy  to  lie  sliipped  and  used  hy  the  p.-iiiit-iiiaker. 


FIRN.MF.    WHtKH    rHK    sLl.l'lILK    is    RiiASTED  (UT  (IF  TllF   OKK, 

\mvv  that  wc  have  followed  through  the  process  of  making  the  white-lead  p.iwder. 
„r  piRment.  let  us  take  a  little  time  to  study  the  preparation  of  the  other  wliite  powder. 
>.,,,,„.p,  ,„  ,!„.  paint  trade  as  'oxide  of  'inc."  This  is  prepared  in  a  manner  quite  ditferent 
from  that  of  the  wl  ite  lead. 

1-irst  the  ore  which  is  mnied  from  the  earth  cntainins  the  metallic  zinc  is  carefully 
selected  hy  expert  workmen  un.l  placed  in  a  special  kind  of  furnace,  being  nii.\ed  with 
h.ird   c'.l     Muh   as   we   use   in   our   heating   stoves. 


I.INSLI.l)   OIL    COMLS    I  ROM 


U.l.lKK.— rilK    Ml.N    kkl; 


THKIU     Mot  Tll^     COVKRKI)    aO    AS    \UT    Tu    INIIALl.     lllh    \  AI'OK, 
Willi  II    IS    TOlSONOfS. 


Tlu  liiirniiiff  of  the  coal  caiisis  an  intcnsfly  hi«h  temperature,  sometimes  heiiii;  several 
tli..ii>aiiil  <lii;rt<^.  This  eaitsts  tlie  zinc  cire  to  l)e  consumed  as  it  were  or  to  pass  into  a  form 
oi  \ai»ir.  'lliis  vapor  is  carried  through  Inige  pipes  which  are  several  teet  in  di.inieter 
and  extend  tor  a  lonj;  distance.  WInle  these  vapors  are  pa>sinK  throngh  these  pipes  it 
heionies  cooled.  .\i'ler  liecominy  cooled  it  takes  on  the  tiirni  I'f  very  tine  white  powder, 
cotitiii^;  fri'ni  the  pi|ies  in  tnuch  the  saitie  way  that  snow  falls  from  the  -ky  iti  the  wiiit.r. 
■^li^  is  colli-cted  anil  placed  in  harrels,  after  which  it  is  rea<ly  for  the  p.uiil-makir  uitliont 
luither   preparation. 


e-xists  in  larfjc  pieces  known  as  "pigs." 
'I'licsc  pijjs  of  lead  are  melted  in  ;i  fur- 
nace and  then  niolilecl  into  small,  thiti 
shapes  which  ;ire  hiickles. 

."since  we  have  followed  the  i>ri]).ira- 
liim  of  tile  two  iinporlanl  while  pi>{- 
nieius  nsi'd  itt  niakinj;  otir  can  of  jiaint, 
it  is  now  important  that  we  devote  a 
little  thoiij;lit  to  the  li<|niil  which  is  to 
he  useil.  Tliis  is  called  "Linseed  ( )il." 
I  .insci'd  oil  is  iii  a  j;o!ilcti  )ellinv  color. 
resenililiitt;  the  appearance  of  thin  syrnp 
wliicii  we  sometimes  have  on  the  table 
This  oil  is  takcti   fidm  the  seed  of  the 


tlax  platit.  It  mi.ijht  better  be  called 
"l-I.ixsced  (  )il,"  yet  it  is  imt  conimonlv 
ktiown  by  that  name,  hut  is  nearly  al- 
ways referred  to  as  "Linseed  (  )il," 
i'l.ix  is  jjrown  in  many  jiarts  nf  tlie 
world,  tile  most  important  jilaces  be- 
ing tile  Tnited  States  of  .\nierica.  l)o- 
miiiion  of  Canada.  Ireland,  India  and 
tlie  .\rgentine  Reimblic.  In  tiie  L'niled 
States,  tile  seed  is  sown  early  in  s|iriiii;. 
much  the  same  as  is  duiu-  with  other 
■  I'lp^.  ,nid  ripens  .-m.l  is  ii.arvested  earlv 
iii  tile  f.iii  of  tiie  year.  The  harvest- 
ins,'  and  separation  of  tlie  seed  from  the 
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jilaiil  iir  >lr;i\v  i>  iIdiic  very  iiiuili  in  the 
same  way  that  other  crops,  such  as 
wheal  aiiil  oats,  are  harvest"'.!.  I'he  seeil 
is  then  taken  to  market  and  is  ready  lor 
tlie  e.xtrailiuii  ni  the  oil.  uhich  is  iluiie 
li\  men  who  are  known  as  "oil 
crubhers." 


tiii>  process  IS  I'Ut  into  lar^e  tanks 
wiiere  il  is  clarified  and  is  then  reaily 
iur  tile  pamt-maker.  I  In^-  od  i^  olten 
relerred  to  as  "X  ejjctable  (  lil"  and  it 
has  one  very  pecnh.ir  and  verv  iinpur- 
l.nit  characteristic  which  make>  il  nse- 
tul  and  necessary  tor  use  in  painl.    I'his 
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The  oil  is  extracted  irom  the  seed  bv  property  is  tliat  of  drymj;  or  l.ecommu 

a    verv    simple    proce-.       L"~iiallv    the  -"'''1.  '"■^'"i,'  .'H   tendency   to   stickiness 

seeds  are  heated  hv  -teaminu  them. after  •"tiT  it  has  heen  spread  ont  thinly  and 

v\hich  ihev  pas-  tlirout;h  a  mill,  heins  eMpo>ed  to  the  air  lor  a  short  time. 
-roniKl  to'a  coar>e  mass,  which  is  then  N'"\v  that  we  have  j;iven  attention  to 

placed     in     verv     ].owerftil     machin.-s  ihe  j-reparation  oi   the  most   import.int 

c.ilkvl  •■livdr.miic  (  til    IVe-e-."  which  ll""'-'>-  "->d  m  llio  making  ol  oi,r  cm  ol 

s<|Ueeze  tile  oil    from   the  -eed.  leaviii-;  I'-""-  '•'  "^  '""'<  ■'  l""''-'  I"  '''''  ">:"1"ct 

the  remainder  in    the     form    of    lar-jic  m  which  they  are  jmt  to-ellur.  and  the 

cakes  which  are  then  ground  to  a  iiiealv-  ri-iilt. 

Ike  powder  which  i-  iiM-d  a-  food  for  Hie  oil  is  necessary  in  makiii-  paiiil 

c;atle  and  is  verv  much  prized.  »'  '"'l^r  to  m.ake   it   fluid,   so  th.it    the 


he  oil  winch  h.i- 


heeil  extracted  l)v      I ''"'it  ">:'y 


)nished  on  to  the  wooi 
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WHKRK   f.MNTS    .\!(l;    MIXED. 
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iir  iiilur  .-.iiii.iM.  .iii.j  ai^o  ~ii  ili.il  ilu- 
I'iuiiii'nt  or  jioudiTcd  uiatc-rial  wliicli 
lias  lii'in  put  into  tlic  iiaini  will  have 
sonu-tiiiiii,'  Id  hold  it  to  the  stirlaic  Tlu' 
oil  or  o'lur  Ii(|ui(l  whii-h  may  In-  ii-e<i 
i>  llMially  callril  "IliiKkr"  hy  tlu-  paint 
man  ln'i-aiisi-  it  himis  tin-  pif,'iiu'iil  in  the 
paint  and  to  the  snrface  on  which  it 
has  heen  spreai!  or  applied. 

In  a  lari;e  jiaint  faetory.  the  two  white 
I.if,'nients.  lead  and  zinc,  are  niixed  with 
linseed  oil  in  lari^-e  niaehines  known  a"' 
"Mixers"  into  a  sniootii  paste  whieh  is 
then  run  thron^di  other  machines  called 
Mills."  where  the  paste  is  tjround  verv 
tine  into  lar-je  tnhes  where  the  ]iaint  is 
tmisheil  by  nn'xin^'  in  enough  more  oil 
t<  make  it  of  the  proper  thickness  or 
CO  isistency  for  hrn^hint;.  In  this  state 
:■  can  he  used,  hut  would  not  he 
etitirely  satisfactorv  hecau^e  it  would 
dry  very  slowly,  {'or  that  reason,  the 
paint-maker  adds  in  a  small  amount  of 
what  is  known  as  "flrier."  which  cau--es 
the  i)aint  to  dry  much  more  rapicllv 
after  it  is  sjjread  out  on  any  surface. 

The  paint-maker  may  alsci  adil  in  a 
-mall  amount  of  thin  li(|uid  calleil  "'rnr- 
penline,"  which  also  ailds  in  the  dryin? 
atid  the  workiui,'  of  ihe  ])aint.  Turpen- 
tine is  a  very  thin  licinid  which  looks 
like  water,  and  it  is  deriveil  from  the 
<:<\i  nf  om'  sjiecies  fif  ])ine  which  urows 
;d:imda-iily  in  the  southern  portion  of 
the  Tnited  .States.  The  sap  is  taken 
from  the  tree  liy  tappint,'  tlie  tree  or 
makini;  an  incision  calie<l  a  1>ox.  at  cer- 
tain seasons,  .\fter  ihe  sap  is  colleited 
it  is  jnit  thromjh  a  heatini,'  jiroces? 
called  '■(li-tillini,',"  whidi  separate-  the 
water-white  lic|uid.  c.dled  turpentine, 
leayint,'  a  larcfe  ma-s  of  heavy  material 
which  is  commoidy  known  as  "K*o-in." 
This  turpentine  is  verv  useful  to  the 
paint-maker  and  the  painter.  It  is  also 
used  for  manv  f)ther  pur)>oses. 

The  paint  which  we  Iiave  ilescriheil 
i-  the  most  simple  kind  and  is  white. 
There  are  many  other  kinds  of  p.iint 
used,  heini;  of  many  (lilTerenl  colors. 
All  of  thesi-  <litTerent  kinds  require  dif- 
ferent treatment  and  proiiaration  and 
votild  re(|uire  many  larj^e  hotjks  to  ex- 
plain even  in  a  brief  wa\'. 

I  lie   wliitc   paint    whii'i   we   haw  de- 


M  tilled  nia_\'  lie  ccil.ued  or  tnited  to 
many  dilt'erent  hues  by  addiiij;  suit- 
able color  pifjnients.  These  color  \tig- 
irents  are  of  many  kinds  and  are  de- 
rived from  many  different  sources.  The 
ve<;etable  kiiii,'dom  is  rei)resente(l  as 
\' ell  as  the  mineral  and  animal  kinj^- 
donis.  The  linseed  oil  which  we  have 
:dready  mentioned,  is  derived  from  the 
ve.i;etable  kinijdom.  This  al-o  ajiplies 
I'  some  few  of  the  i>ijrments.  .\  very 
important  instance  which  we  niii,dit 
mention  is  a  beautiful  rich  brown  called 
"\'and\ke  I'rown."  This  is  made  from 
decayed  veu'etation  which  is  foinul  in 
swampy  districts.  There  are  manv 
pigments  derived  from  the  mineral 
kin},'iloni.  White  had  and  zinc  oxide 
have  already  been  described  as  useful. 
Anionv  colored  jiicments  cominij  from 
this  kin.trdom.  we  mi,t;ht  mention  yelk  \v 
ochre,  sienna,  lunber,  cob.alt  blue,  and 
many  others. 

I  he  .animal  kinj^'ilom  supplies  quite  a 
mimber,  one  of  which  is  a  beautiful  red 
known  as  "("armine."  This  is  taken 
from  a  small  insect  or  tly  wh'Vh  is  found 
in  certain  troi)ical  cliniates.  The  pro- 
dtictioii  of  carmine  is  verv  expensive 
.Mid  the  jiroduct  is  hi.ijhly  jiVized. 

\nother  important  development  of 
the  animal  world  is  what  is  called  "Bone 
I  kick."  This  ir,  made  by  taking'  ordi- 
r,:ry  animal  bones,  puttin,?  them  into 
a  siiitable  funiace  an<l  bnrnin'.;  them 
vhich  really  produces  bone  charco.il, 
w  hicli  is  refined  by  powderintf  and 
washiner.  and  finally  produces  a  beaut i- 
tul  black,  such  as  used  for  paintin.L'  line 
co.iches  and  carriasjes. 

Why  Does  a  Dog  Turn  Round  and  Round 

Before  He  Lies  Down? 

\w.i\  hack  in  llie  hi-Iorv  of  the  ani- 
mal kiiifrdom.  when  the  ancestors  of  our 
d'lme-tic  doij  were  wild,  thev  slejjt  in 
the  wood.,  or  open.  When  thev  were 
ready  to  lie  down,  they  first  had  to 
tramj)le  the  jjrass  about  them  flat  to 
make  a  place  to  lie  down.  This  became 
a  hal.Mt  and  one  of  the  instincts  of  the 
animal  which  h.is  been  transim'tted  t.> 
the  doq-s  of  todav  who  keep  it  iqi.  It 
is  an  inherited  habit  quite  useles-  to 
the  do^'s  of  to-dav. 
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Hdw  Is  Light  Produced! 

\<>u  ,c1ii-,h1\  k.irniil  tliai  .1  •iiilistanci- 
i-alli'd  ctlier  is  finmil  in  ;i!l  -ul)>tatiocs. 
tilling:  the  spai-cs  hitwcfii  tlyi-  molciMiics. 
When  till-  mukrulcs  are  made  to  vi- 
brate, the  etiier  iiaiurally  als.«  vibrate*. 
An  sunn  as  the  viliratioiis  liecdnie  siil 
("K-iently  ra|<iil,  they  pr.Mliii-e  tli"-  sen- 
sation (if  Ii.;ht.  The^e  vihratinn^  alsn 
priKhice  lieat.  In  heated  hudies  tlu- 
nidlecnles  are  aUviys  fimnd  tn  lie  in 
vihraliiin,  and  a  Nidy  may  liecinu'  sn 
hot  that  it  gives  "ft"  liRht.  We  notice 
lhi>  when  ir^n  heeonies  red  hot.  ileal 
and  hLiht  are  loimd  tojji'ther  in  bodies 
in  many  in>tances.  In  fact,  mo-t  iif  the 
lit,dit  we  h.ive  comes  from  Icdie-  which 
are  hot.  Tlie  sUn  i^  so  Iiot.  tliat  it  is 
snrro;ni(kil  by  the  L;a--eN  of  ni my  -nb~ 
stances  that  esi^t  a-  solids  on  earth. 

W'e  have  ^ome  Inxlies  wllicll  jinidiice 
lijflit  which  Is  not  accumiiailied  l)y  ninch 
heat.  The  glow-worm,  or  liretly,  seeni> 
to  make  Iii;lit  wit'i  Httie  or  not  lie:  t : 
bnt  we  do  not  \et  know  how  this  is 
done,  .\lmost  all  source-  of  artificial 
light  re(|nire  that  heat  lie  prodiiced  be- 
fore light  obtained.  <  Mily  >ncb  vitira- 
tions  of  the  ether  which  are  sntViciently 
rapid  pioihice  eiiongli  light  to  enable 
ns  to  see  l""r  this  reason.  ;i  piece  of 
red  hot  iron,  which  is  made  luminous 
by  heat  ami  whose  particles  viiirate  les- 
r.-ipidlv  ]iro(h]cr  little  light. 

What  Makes  Rays  of  Light? 

\\  I'.eiievc.  :■  I'.ic  ether  is  ni.ide  to  vi- 
brate r.ipidly  eimn-h  at  any  point,  tlie 
vibration^  go  in  >tr;iight  lines  from  the 
-ource  of  light  in  all  directions.  .\  sin- 
gle line  of  vihr;iting  particles  in  the 
ether,  is  known  a-  a  ray.  .\  mimbcr 
of  ravs.  that  issne  from  one  point,  are 
-aid  to  form  a  pencil.  A  pencil  of 
light  may  be  produced  by  holding  near 
a  candle  a  screen,  with  a  hole  in  it. 
.Sometimes  rays  of  light  are  brought 
together  in  a  point,  as  may  be  done  b\ 
means  of  a  burning  glass,  .and  one  of 
these  bundles  of  rays  is  known  as  .1 
convergent  pencil. 

.\  bundle  of  ra\s  that  lie  parallel  to 
each  other    forms   a  beam.     The   rays 
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ticallv  par.illel  ;jnd  are  called  simbeanis. 

Why    Dn.'S    a    Nail     Get     Hot     When    I 
Hammer  It  f 

Wiun  ue  .He  in  llie  siiii,hine.  or 
siandini^  liefore  a  tire,  we  feel  liot ;  when 
we  take  siiow  or  ice  in  our  hinds,  they 
feel  Cold.  The  tiling  which  prodnces 
these  sensations  is  called  heat  When 
we  feel  heat,  it  is  bec.mse  heat  is  ab- 
sorlK'd  by  our  Imdies,  and  when  we  feel 
cold,  it  is  being  thrown  off  by  them. 

To  .answer  this  (|nesii.iii,  we  ninsi  see 
how  heat  iii.iy  lie  iirodnced.  If  we 
draw  a  coril  rapidly  through  mir 
tingers,  they  feel  hot,  and  if  we  nib 
a  c<iin  briskly  with  .1  cloth  or  onr  hand-, 
it  becomes  w.irni;  if  we  take  .1  nail 
.and  lianimer  it  on  .1  h.ird  siibst.nice 
it  becomes  •I'o  warm  for  ns  to  hold 
In  these  instances  heat  is  prodnced  by 
regarding  or  checking  the  motion  of  ;i 
body.  When  we  draw  a  cord  through 
our  lingers,  it  moves  les,  f.i^Ws  ;  we 
retard  its  motion  by  gripjiing  ii  and  this 
is  what  in.ikes  thi  heal  we  feel.  Wlien 
we  strike  the  n.iil  with  a  h.iinmer,  the 
motion  of  the  h  immer  is  checked  b\ 
the  nail,  and  the  fa-ter  we  |imiiid  with 
the  hammer,  tlie  hotter  the  nail  becomes. 
IVoin  these  experiments  we  learn  that 
whenever  the  motion  of  a  substance  i- 
checked.  or  retarded,  he.it  is  geiienited. 
.and  the  substance  made  hot. 

In  expl.aining  this  methoil  of  produc- 
ing heat,  it  was  .11  one  time  tlionght  that 
all  bodies  contained  .1  substance  which 
prodnced  the  he.it  ami  that,  when 
nibbed  nr  hammered, this  substance  w.as 
thrown  off.  .\bont  the  end  of  the  iSth 
Century. however,  it  was  sbown  by  Hen- 
jamin  Thompson  ( (  onnt  Rumford). 
th;it  substances  when  rubbed  .give  otT 
he.at.  I-'roni  this  uc  learned  tliat  heat 
is  not  a  substance,  because  the  (|nantit> 
<if  any  snbst.ince,  (ireseiit  in  a  bodv. 
cannot  be  limitless.  If  it  were  a  siib- 
sl.mce  which  prodnced  the  heat,  the 
supply  would  sooner  or  later  be  ex- 
hausted, and  rnbliiiii;-  could  no  longer 
produce  he.at 

[Ie.it  producecl  by  rubbing,  or  bv 
striking  substances  together,  is  cau.sed 
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a-,  I'ijUdus:  li  two  .siiU.staiicc-s  arc 
struck  111)011  each  other,  tlie  whok  <it 
till  ISC  siilistaiK'cs  arc  clicckoil.  hut  the 
niok'ciilcs  of  the  siih-taiuxs  are  made 
to  vihrate  very  raiiidly.  ami  these  v:  • 
liratiiiiK  |i!ii(hK'o  till-  Ileal  we  fjcl. 

How  Do  We  Ohtmu  Heat? 

\\  I-  mi  111'.  •  ^'1  11  r  lieat  truni  the 
>iin.  If  llic  Ileal  fruiii  the  sun  did  not 
reach  ii>,  no  liviii!,'  tiling  would  exist 
on  the  earth.  \m  plants  or  animals 
cniild  live;  the  oceans  and  rivers  would 
he  solid  ice. 

.\nother  iinjiortant  source  of  heat,  i^ 
chemical  action.  Chemical  action  is 
what  causes  fire.  I'.ven  when  it  d.ie^ 
not  catt.se  tire,  it  jiroduces  a  great  deal 
of  heat.  When  we  breathe  to  keep  our 
Kidies  warm,  it  i~  a  chemical  action 
that  occurs.  l'"ire  is  the  most  impor- 
tant form  of  chemical  action,  as  a 
-onrce  of  heat. 

Why  Does  a  Glow-Worm  Glow  ? 

A  tjlow-wiinii  i>  a  kind  of  heetle 
\'iliich  may  he  found  in  the  yards  aiitl 
hedges  in  the  summer  time.  The  name 
applies  only  to  the  female  of  the  specie-^ 
which  i-~  windless  and  whose  hody  ri' 
-emlilcs  th.it  of  a  caterpillar  somewhat 
and  emits  ;'  'lii'iiiij  jireen  liiiht  from 
the  eml  of  tin-  ahdonien.  Tlie  male  of 
tin--  species  has  wiii'^s  Inil  does  not 
>liow  any  lit,'ht  as  docs  llic  female  and 
resemhlcs  an  ordinary  hectic.  The  m.ile 
tlie-i  ahout  in  the  cveiiiiiL;^  lookiui;  tor 
the  female  ;iiid  she  makes  her  li;^ht  i,dow 
ill  onler  that  the  male  ma>  luid  her. 
(llow-worms  are  found  mostly  in  I'.iil;- 
land.  There  are,  however,  -ionie  mein- 
hers  f)f  the  s.ime  species  of  In-etle  com- 
mon to  the  I'nited  St.ates.  We  s|)e,ik  of 
them  as  I'lretlies  or  li.^htniii;,'^  hui;-.  Tlie 
female  of  these  also  is  the  oni\  one 
carryinjj  ;.  light,  although  unlike  the 
txlow-worni  she  has  wings  and  can  fiv. 


pin.->  were  dre.idfull*  e.\pen>ive  so  that 
only  wealthy  people  ccjuld  atford  tlietn 
.111(1  they  were  saveil  so  carefully  that 
in  those  days  \ou  could  not  h.ive  looked 
along  the  pavement  and  found  a  pin 
which  yiiu  h.ippened  to  he  in  need  of  as 
you  can  and  often  do  tod.iy. 

I!y  a  curious  l.iw  the  mamifact'Ters 
of  pins  were  only  :illowed  to  sell  them 
on  Janu.iry  1st  and  ind  each  \ear  and 
>o  when  those  days  came  around  the 
women  whose  hushands  con!  1  alTord  it. 
secured  pin  money  from  them  .ind  went 
out  and  got  their  pins. 

I 'ins  li.ive  heconie  >o  very  cheap  in 
these  d.iys  that  we  .ire  r.itlier  careless 
with  them,  hut  the  expression  has  con- 
tinned  to  live  .-ilthough  today  when 
used,  it  means  any  allowance  rif  money 
which  a  husband  gives  a  wife  f^r  her 
personal  expenses. 

I 'ins  were  known  .-iml  used  as  long 
ago  as  ].U7  .\.  I).  Thev  were  introduced 
into  |-:ngland  in  \rM).  In  1S24  an 
American  named  .Might  invented  a 
machine  f. .r  making  pins  which  enabled 
them  to  be  iii;imifactured  cheaply. 
About  l..sOOtons  of  iron  and  br.iss  .ire 
made  into  pins  cverv  vear  in  the  rnitc(| 
State-. 

Why  Do  People  Shake  Hands  With  the 

Right   Hand; 

In  the  d,i.-  of  ver\  long  .ai^o  when 
all  men  were  prepared  to  fight  at  anv 
and  all  times  because  one  could  not 
know  whether  another  ajiproacliing  w.is 
a  friend  or  an  enemy,  all  men  went 
armed.  This  was  before  the  dav  of 
guns  when  the  sword  was  ilie  great 
weapon  of  <lefcnse. 

I  poll  occ.-ision  when  one  man  ap 
liroached  another,  each  had  to  decide 
whetjier  the  othci  c;ime  on  a  peaceful 
niissiiin  or  not. 

VopK-    ill    those    davs    were    m<wtlv 


right  h;mded  as  thev  are  now  and  when 
fighting  carried  their  swords  in  theii 
right  hands. 

...  t.i!'!;,  ::  nian  wished  to  speak  v.it'n 
a  stranger  or.  as  might  ea<il.\  be  neces- 
sary, to  one  wdio  mav  even  be  known 
to  be  unfriendly,  he  put  out  his  vlfht 
hi-  wife  to  pimli.i-e  |>iiis.    At  one  time      hand    upon    approachiuir   to   show    that 


wiiy  uo   iiiey  tan  it  fin  Money; 

riii-  cNpressjini  iiriuinallv  crmie  from 
tile    .•illowance    which    .a    hn-b.and    trave 
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i.t  liail  111)  ilc.iilly  (ir  (l.in^i;..,,-  ,>..,|.  ., 
iii  it.  The  other  man  conhl  sec  tlii> 
and  knew  froni  tlie  exteniKd  open  liaml 
tliat  nil  har4n  was  iiitendeil  ami  ihat 
the  a|ii)roafh  was  iicacetnl.  If.  tlten 
he  was  willins;  to  meet  the  other,  lie  alsn 
extended  liis  ri;;ht  arm  witli  tlie  hand 
open  to  show  liim  who  was  approaehini; 
that  liis  tit;htinL,'  han<l  wa'<  emptx  aI>o: 
and  when  iliev  met  each  would  L;ra-p 
the  hand  of  tiie  other  *■>  that  neither  nne 
could  ciianL;e  his  mind  anil  a»snme  a 
fii;liliny:  .iititnde  withoiu  tin-  nilier  hav 
in.,  rin  ,  .!••  il  warniii'..: 

How  Did  the  C'lstom  of  Chnking  Glasses 

When  Drinking  Originate  ? 

In  tlie  da\s  ui  the  Kuman  _i;hidiatcir^. 
liefore  a  duel  with  swnrds.  it  hecame  the 
ciisi  ini  of  each  of  the  jiarticipants  ro 
drink  a  .i.;lass  i,f  wine  hefore  tiLjlitinfj. 
Jnst  hefore  the  liijlnin^  commenced  two 
Khisscs  of  wine  were  hrim^dit  ami  the 
gladiators  <lrank.  Tiiese  two  i,dasses  of 
wine  were  provided  hy  the  friends  of 
either  one  or  the  ntlier  of  the  i;Iadi:it' .rs. 
To  1,'nard  against  treachery,  through 
some  over  zealous  friend  of  the  tii,'hters 
furnishing  poisoned  wine  wa>  neces- 
sary. ."^';  hefore  drinking  and  t"  show 
ther'  ,  iio  treachery,  the  gladiators 
came  close  together  and  poure<l  wine 
from  one  glass  into  the  fither  l)ack  and 
fiirth  until  the  wine  in  the  glasses  wa- 
thoroughly  mixed.  If  the  wine  in  nm- 
glass  then  had  hceii  poisoned,  the 
poisciiied  wine  would  thus  he  in  hiiih 
glasses,  and  if  there  had  heen  any 
treachery,  holh  gladiators  would  he 
jirii-oneil  if  they  drank.  The  wine  was 
poured  fniin  one  glass  to  the  other  to 
-h'lw  that  there  was  no  treachery. 

This  custoni  continued  in  use  for  a 
li.iig  time  until  the  idea  of  drinking  he- 
fnre  a  figlit  was  ahandoned.  Ihe  cus- 
tom, h'lwever.  of  shov.ing  friendlines> 
in  thi'  way  while  drinking  continued 
for  a  long  time.  Later  it  hecame  a  mere 
custom,  however,  to  show  a  frientlly 
spirit  toward  the  one  wiio  w-as  (Irinkin  ■ 
with  >ou.  and  when  the  flanger  i<i 
poisoned  wine  was  past,  the  actual  act 
of  pouring  the  wine  from  one  glas.s  to 
another  was  changed  to  mcrclv  touch- 


Mi...    iitt     ^i.i-^i^    i''L;tun.i.         iliU>    i»"i.i\ 

we  have  the  frien('"v  custom  of  touch- 
ing gl;is>es  tiigi'il  r  long  after  tlie 
necessity  ni  guar<ling  against  treachery 

«  hile  drinking  has  pa»ed 

Why  Cannot  Fishes  Live  In  the  Air  I 

It  i^  a  curious  ihmg  isn't  it  that  if  a 
hoy  fall.>  into  the  water,  he  will  drown 
if  he  cannot  swim  or  sonu'oue  does  not 
help  him  out,  and  that  if  a  tisli  falK 
out  of  the  water  onto  the  land,  he  will 
drouii  also,  even  though  he  knows  how 
ti>  <wim.  hetter  than  anything  else  he 
does.  .\  hoy  caiitu)t  secure  the  air 
which  he  needs  to  live  on  if  he  is  under 
i!ie  water,  hecause  there  is  n<»t  enough 
air  for  him  there  and  a  fish  cannot  se- 
cure enough  air  for  hiiu  to  live  on  wiien 
he  in  Mil  land  where  the  air  is  pU'titiful. 
hecause,  the  hoy  takes  his  air  from  the 
air  itself  auil  the  fish  gels  lii>  air  out 
iif  the  w.iter, 

Tn  live  hy  hreatliing  ilie  air  we  find 
"11  or  ahove  the  l.ind,  it  is  necessary  to 
li.ive  lung>  and  fishes  do  not  have  lungs. 
In  the  c.ise  of  the  hoy  under  the  water 
he  would  h.ivc  to  have  gills  to  eiiahle 
him  to  make  use  of  the  air  which  is  in 
the  w.itiT  to  live  hy  and  he  has  no  gills. 

A  ti>h  c.in  only  live  a  little  while  out 
fit  llie  water,  hut  even  so  he  can  live 
longer  out  of  the  water  tli.in  a  l)o\  can 
under  the  water. 

I.ist  you  read  sometime  ot  the  (lying 
fi^h  and  think  they  must  he  ahle  to  live 
out  of  the  water.  I  will  tell  you  hefore 
von  ,i>k  the  questiotl  th;it  the  (lying 
tisli  never  stays  out  of  the  water  for 
more  th;m  a  few  seconds  at  a  time.  His 
dying  haps  amount  to  little  more  than 
long  kaps  from  wave  to  wave.  He 
-wims  along  very  fast  in  the  water, 
coming  right  up  to  the  surface  and  out 
into  the  ,iir  and  the  speed  at  which  he 
has  heen  swimming  regulates  the  dis- 
t,-ince  he  will  go  when  he  shoots  into 
the  air.  .as  he  has  no  means  of  jiropel- 
ling  himself  through  the  air.  hnt  onlv 
into  it.  lie  has.  however,  v.itv;  !!!.  • 
tins,  which  he  sjireads  out  when  in  the 
.•iri  and  which  eiiahles  him  to  gliilc 
through  the  ;iir  and  thus  remain  in  the 
air  longer. 
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What  Makes  a  Fish  Move  in  Swimming  { 
I  his  is  ;i  j)\iz/!iii^  (|iu>tiiiii,  I  am  -lire. 
Ui  course,  yjii  at  imcc  cause  several 
otlier  <|Uesti()ns  as  socju  as  you  ask  this 
one  sudi  as  the  fnllnw  jni; :  Dues  the 
water  in  front  of  him  move  rmt  of  the 
way  aii<l  then  close  in  hehiml  liiin  ?  1 1  so. 
where  iloes  it  !,'o  in  the  iiuantiine?  Does 
the  lish  move  tiie  water  furuaril  or  nji 
or  ilnwM  or  what  iloe>  he  i\<i' 

I  lie  answer  i>,  of  course,  in  tlie 
movements  of  the  llsli's  t.iil.  I  lie  li^^il 
in  >wimminL;  is  surroumleil  wiili  water, 
to|),  liottom  am!  all  siiles  of  him.  I'he 
pressure  of  the  water  mi  the  fish  is  the 
-ame  at  all  jioints  ~o  that  any  niMtion 
made  Iiv  him  woulil  have  a  tendency  to 
make  him  move.  .\>  a  matter  of  fact 
the  tail  in  nioviii}^  fmm  side  to  side 
creates  a  current  in  the  water  from  the 
head  to  the  tail,  or  rather  would  pro- 
duce an  actual  current  if  the  tish  re- 
ni.iiied  perfectly  still.  ln>tead  of  niak- 
intJ  an  actual  current  of  water,  the 
liody  of  the  hsh  is  moved  furward. 

.\s  to  whether  the  water  ahead  of  him 
opens  up  first  and  then  the  water  heliind 
him  is  a  more  difficult  questinn  ;o  ;in- 
swcr.  To  the  ai)iiearance  it  would  seem 
as  if  the  water  moved  at  hoth  enils  and 
sides  at  once,  but  accordin;.;  to  scientific 
theory,  the  water  at  the  head  of  the  t"i<'' 
is  <lis])laced  tir^t. 

Why     Arc     Birds'     Ejjijs     of    Different 

Colors  i. 

This  is  a  wise  iirovi^ion  of  nature  to 
help  the  mother  hinls  hide  her  eij;i;s 
away  from  the  eyes  of  her  enemies.  In 
the  animal  kiny:dum  every  kind  ^f  life 
is  the  natural  prey  of  some  other  kiml 
of  animal.  .\  bird  will  have  enemies 
which  trv  to  catch  her  as  food.  .\  bird 
cannot  fiiilit  back,  so  must  lly  away 
when  daiiijer  threatens,  in  order  to  save 
her  life.  This  means  that  she  must 
leave  the  elites  in  the  nest  for  the  time 
beiinj.  .\t  cert.iiti  times  she  mii<t  also 
leave  her  nest  and  search  for  food  for 
her>e!f.  Tn  order  that  the  e^.;;s  so  left 
alone  mayhave  a  better  chance  of  not  be- 
inff  disc'ivered, nature  has  arranijed  mat- 
ters so  that  the  ei^'trs  take  the  color  very 
much  of  the  surroimdint^'s  in  which  tliev 


are  l.ud.  l'.gi,'s  ot  some  bird.-,  are  spotted 
or  lf>ok  like  pebbles,  because  the  mother 
bird  lays  them  in  the  sand,  .^ome  of 
them  are  fjreen,  alnio-t  the  color  of  the 
materials  from  which  the  binl  builds 
tile  nest,  and  so  the  colors  have  a  real, 
and  t(]  the  birds,  a  valuable  purpose. 

Why  Does  a   Hen  Cackle  After  Laviuij 
an  Egg; 

The  hen  cackles  liecause  she  is  jjl.id. 
She  i.N  i^lad  because  she  has  just  ac- 
complished somethin^j,  which  she  was 
I'lit  on  earth  to  do.  If  you  study  the 
life  on  the  earth  carefully  with  this  in 
mind,  you  will  discover  that  all  kinds 
of  life  }.'ive  expression  in  some  form 
of  i,d;idness,  when  they  h.ive  performed 
the  things  they  are  on  earth  for.  It's 
the  hen's  way  of  e.xpressini;  herself  and 
lettintj  the  chicken  worhl  know.  The 
doi;  wash's  hi>  tail  when  he  is  pleased: 
boys  anrl  girls  jum()  up  and  <lown  when 
they  are  i)le;ised,  whether  tliev  have 
been  doinjj  anythint,'  conimendable  or 
not.  \o  doubt  also  the  actu.il  lavinj.^  of 
the  csf,'  causes  .some  di^comfiirt  to  the 
hen  and  the  corresiiondiiii,'  feeliiiL,'  of 
jjladness  would  come  naturallv  after  the 
discomfort  disappeared. 

Whv    Will    Water    Run    Off    a    Duck's 

Back? 

I'll-  reason  that  wattr  runs  otV  ,1 
•'iick'>  back,  is  that  the  feathers  of 
ducks  are  oily  and,  as  water  and  oil 
will  not  mix,  the  water  runs  otT  instead 
of  soakiiiii;  in.  The  feathers  on  a  ihick 
are  so  thick  on  the  body  of  the  duck, 
top  and  bottom,  that  even  if  it  were  not 
for  the  oil  which  is  on  the  feathers  the 
water  would  have  some  difficulty  in 
soakiuij  tliroug-li  the  feathers.  Hut  the 
main  reason  why  the  feathers  on  a 
duck's  back  cause  w.ater  strikinij  them 
to  run  ofi"  is  that  the  duck  has  an  oil 
^land  which  is  const;iiitly  producinj,^ 
.ijrease  or  oil  and  which  the  duck  uses 
in  givimj  his  feathers  a  thin  coatinjj  of 
oil  to  make  them  slick  with  oil  and 
when  anv  water  strikes  the  duck  it  ruti^ 
ofT.  dtlier  birds  which  live  in  the  water 
a  ijrcat  deal  have  this  oil  s;l:nid  for  the 
same  reason. 
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A   I'.last   I'urnacc. 

Moltiii    iron   i<    l.rditnlit    fripiii   tin-   l)l,i-t    furiiacvs  to   tlic    optii-lioarth    furnaces,   ami 

iluinpid  iiili)  a  rcci'placle  calk<I  a  mixer,  tlic  caiMCUy  of  wliii'li   r.ln.;^^    fii'i    ir"i  i,,ii-.   i. 

Kiiio  tiiMs.  ikinMulint    iip^n  tlie  iiuiiiln-r  of   furnaci.-:  \,,  ],^-   cir\Ml. 


'_  ■.i-tl;MU-i;:''.-l   ■:   Mixir 
Pictiirt-^  ill  ilii=  storv  bv  courtesy  of   BethU-hcm   Steel  Co. 
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Cliarging  Side  of  an  Open-hcartli   Iiirii;ici 


An  opin-hcarth  fiirn.icc  OMisisK  <.f  a  Ioiik.  shnllow  lioartli.  siiiialily  cnolnjcd  in  lirc- 
lirick.  anil  iHnnul  tnci-ihcr  with  steel  binding.  The  furnai.c  is  Iieateil  I'v  linrtnni;  sas  and 
air.  wliiih  liavo  previously  bren  preheated,  so  that  a  temperature  is  .jblained  in  tin-  tiirnuce 
rauKinB  from  jnoo  to  ,1050  degrees  I'ahrenhelt, 


i-ii' 


.■■nna 
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I  he  ■■pell-hearth  process  consists  of  the  purification  of  iron  by  oxidizing  out  tlie 
nniniritie^  and  burning  cnit  the  carbon  of  the  iron  until  a  tough  and  duotile  steel  is 
pro<lni-ed,  whieh  can  lie  made  of  any(lesired  composition  by  the  ad(litinn  of  tlie  necessary 
fjuantities  of  alloys  just  previous  to  tapping  and  pouring.  The  impurities  in  the  iron  are 
oxidi/ed  by  the  slag  lying  on  top  of  the  metal,  and  tlie  burning  out  of  the  carbon,  which 
is  a  very  slow  operation,  is  hastened  by  the  addition  of  iron  ore.  the  oxygen  of  wliicli 
combines  with  the  tarlion  of  the  iron  and  passes  otT  as  a  gas  going  up  the  stack. 

\\  hen  an  open-hearth  furnace  is  ready  for  a  charge,  a  variable  amount  of  scrap, 
say  .^o  per  cent  of  the  total  weight  of  ■  ••■rial  used  for  the  heat,  is  charged  itrto  tlie 
furnace.  With  this  scrap  is  charged  snh,  :.  lime  or  lirueit.me  to  uial<e  the  slag,  as  well 
as  some  iron  ore  to  assist  in  reducing  the  earlion  of  the  iron.  In  aliout  two  or  three 
hours  the  recpiired  amount  of  molten  iron  is  brought  from  the  mixer  in  ladles,  and  poured 
into  the   furnace  on   top  of  the  scrap,  lime  and  ore. 
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MOI  Tl  N    SI  I  11.  I!l  l\(i    I'OU^l  I)   I.IKI     UMIk 


U  Ucti  tlio  sciMp  lias  all  l«.n  imltcil.  a  test  is  taken  to  <1  niiiiic  iln'  ainiMint  "f 
carlinii  uniaiiiiiiK  i"  llic  l>atli.  Ir..ii  (ire  is  a<Mf<l  frmn  time  to  time  imtil  ll.e  larlxm  in 
the  i)alh  has  heeti  reilu'-ccl  to  the  desireil  pciiiil.  anil  the  metal  is  stilVicieiitly  hot  to  pour. 
At  this  pciiit  "ricarlHiri^ers"  (emisistini;  of  l-'eiro-Manuancse.  IVrrn-Silicon,  and  pii;- 
inm.  or  coal)    are  ailded  to  ^et  the  re(|iiireil   i-omposiiion.     Tlie  tap  hole  at   the   hack   of 


the    tnrnace 


is   opened. 

■      '1: 


and   the  slnl   i< 


all. 

I 


lo 


run 


out   into  a   ladle,   the   sho;  rmninu 


Trri-c  ^''  'rr\]".^   hvot  and   Si>akiii^    I'lt    Inrnacc^. 

The  ladle  is  picked  np  hy  an  electric  crane  and  carried  over  rast-irnn   mntiMs,   w'nicli 
*it    .,n    cif     >l'r     sffi-!    I.iini;    pour,-,!    into    tlv    irnidi!-      r.  -idtiiv.;    in    steel    iiigots.       A 


.11  lINd  kl  \l)\     K)  M\KI     \  k'MI 


siitVicicnt  atiioum  ol  time  is  alUiwt'il  f.,r  the  MccI  to  l)i-ci>mc  i-liilU<l  i»r  net.  wlirti  tlic 
tars  arc  piivlicil  iiiuli  r  an  c-li'ctric  .stripper.  »lii-rc  the  nuiiilil.t  are  reiiuivcil  from  tlii-  ingots. 
\iwr  llii-  iiiKot»  It-axc  tile  ^tripp«T  tlii-y  arc  lakrii  to  the  scales  ami  weiKlied,  and  alter 
ueiuhiuK  arc  pnt  into  the  joakii!«  pits.  The  pit*  net  their  name  from  the  part  they  play 
in  the  healing  of  titc  steel  for  rollinfj.  When  the  steel  ingot  is  stripped  the  i  iitsiilc  u( 
the  inKol  is  cool  riiongli  to  hold  the  insiile,  which  is  sitll  in  a  li<iiiid  state,  and  the  steel 
is  pnt  into  the  soaking  pits  to  allow  ihe  inside  to  settle  into  a  sidid  mass,  after  which 
the  ingut  is  reheated  for  rolling.  The  length  nf  time  in  the  soaking  pits  depenils  upon 
the  si/e  of  the  ingi.t,  as  the  larger  the  ingot,  the  greater  lenclh  of  time  is  reipiired  to  set. 
Uhin  tlie  sUel  is  ready  i..r  rolling  it  is  t.ikeii  fni:n  the  pils  I>y  .nerhe.iil  electric 
rranes.  and  placed  into  n  dninp  Iniggy  at  the  end  uf  a  roller  line,  which  leads  tn  the 
l.h  iiMJiig  iiiill.  The  dump  huKgy  lUrives  its  name  from  tlie  fact  that  when  the  ingot  is 
placed   inti>  same   in   an   npright   position,   the   hui^gy.    in   order   to   place   the   ingot   into   a 
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Blooming  Mill  and   Engine. 


horizontal  position  on  the  roller  line,  (hinips  over,  in  tiic  same  way  as  if  one  were  to 
pick  too  far  forward  in  a  rocking-chair,  tlic  dninp  buggy  operating  on  the  same  principle. 

TIic  ingot  traxcl"  down  tlic  movalilc-roller  line  to  tlie  liloomiiig-mitl  rolls,  whicli  roll  it 
down  from  a  piece  19  inclics  by  _>3  inches  to  what  is  known  as  an  8  inoh  by  8  incli  bloom, 
wliich  is  the  size  usually  iiseil  in  the  manufacture  of  rails.  The  blooiniiig  mill  derives  its 
name  from  the  fact  that  after  an  ingot  is  rolled  in  same  it  is  no  longer  called  an  ingot, 
but  a   bloom. 

.\fter  leaving  the  blooming  mill  the  bloom  trav...*  along  another  roller  line  to  the 
shears,  where  it  is  cut  into  two  or  three  pieces,  the  number  of  pieces  depending  on  the 
size  uf  tile  rail  wli:>.li  is  lu  be  roiled.  Tiic  blooms  are  then  lifted  o\er  ihc  rotter  line 
at  the  shears  by  a  transfer  crane,  and  placed  on  a  traveling  roller  line  which  connects 
with  the  rear  of  tlie  reheating  fnrn.ice.  This  furnace  is  about  35  fe<:t  long,  and  is  so 
cnnstrneted  that  when  the  bloom  is  pushed  in  at  the  rear  of  the  furnace,  another  bloom 
drops   from  the   front  or  discharge  end  of  the   furnace. 


THF.  l\(iOT   BICOMrS  A  RAIL 


I'lc  I'l 11  'lri>l'!ii"H  ■■lit,   In-iiiR  siHVicii'iitly  lii.t  to  r'>Il  iiil.i  t..il-.   ir.iuK  ali.iii,'  ;iii.illur 

r..llvr  lii.f  to  tin;  r.  ii;;liMiir  or  liivt  sit  ft  r..lN.  Here  the  M^hiiu  i>  uiveii  live  passe*  in 
tlio  r'llv  anil  is  tin  n  transferred  to  the  strand  ..r  secotid  set  of  rolls,  where  it  reeeiv.  > 
\'\e  additional  passes:  ifter  this  (.peration  it  is  transferred  to  the  linishin^'  or  third  s<  t 
■  ■f  rolls,  in  «hieli  it  i.  uiven  i^ne  i^ass.  The  lil....ni  has  ii..\v  luen  converted  inl.i  a  rail,  ami 
llie  rail  tra\els  on  another  roller  line  to  the  hot  saw.  where  it  is  cm  iiit>'  tt-foi.i  lengths 
this  heins;  the  standanl  leiisth  in  this  country  {»r  all  rails.  The  rails  wlien  h..t  are  cnt 
!.y  the  hot  saw  t..  I.hkiIis  ..f  ah.int  .jj  feet  o  .•  ifiihe-,  the  .-dhiwance  .if  <■'  ■  iii.-hes  luin;; 
nia.le  t..r  shrnikaMe  ni  i-..,,lniK.  It  is  .lirtienlt  to  lieluve  that  steel  shrinks  to  this  cMent. 
hilt  t.iis  is  a  fact,  and  while  tiie  rails  are  coiOinj;  i^n  the  hutheds  tlnv  have  tlie  ai-pearanc.' 
of  heinc  ariiin.iteil.  as  they  move  first  (.nc  way  anil  then  the  iith.  r[  After  the  rails  are 
■•n  the  hitheil  a  snihcient  length  of  time  to  cool,  thev  are  taken  from  the  hoilied  and 
plaveil  on  a  traMliiik-  r..llir  line,  which  takes  them  t.i  an  einlle^s  chain  conveyor.  The 
st.itemenl  that  rails  are  put  on  hotheds  for  co.ilinK  seems  jiaradoxical.  Init  the  hotlieils 
.ire  so  called  hecausc  the  rails  are  placed  on  them  while  hot.  and  are  left  there  initil  thev 
have  cooleil. 

The  en<lless-ch;  m  conveyor  places  the  rails  on  am'ther  hed.  from  which  tluv  ,ire 
pickeil  n|)  hy  an  electric  cr.iiie  ami  distrilmted  to  the  straiKhteninR  presses,  where  .lU  Imrrs 
I  which  have  heen  i;'n<ed  hy  the  hot-sawimj  operation  I  are  removed  hefore  the  r.nls  are 
-traitdileniil.  After  strainhtenin).'  they  are  tran-ferreil  t"  drill  pr. --, -.  v\n,r.  they  hai 
hi'les    ilnlhd    into   tleni    for   the   arcommodation    of    the    splice    har  h    the 

jilacid  on  tile  loading  d..cks. 


lave 
liev   are 


■a6aase^eggg.;>ggaggi»ag^<}^pC>'>yyy .  i.  /^   ii  j-l  ^.-AVUffi^ys^sg? 


np   jroiii  the  hadiiiK  d.ivks  hy  electric  magiiet.s  attached  to  a  crane,  and  arc  plac  .1  in  cars 
reailv   for  shipment. 
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Who  Made  the  First  Felt  Hat? 

The  felt  hat  is  as  old  as  1  Iciikt.  Tin- 
(Irt'fks  iiiaile  tiifin  in  skull-i  a]'-,  cdin- 
cal,  truiK-atod,  narrow-  or  li'nid- 
briniiiK'd.  'i'iie  l'liryi;iaii  huniut  was 
an  elevated  cap  without  a  hrini,  the 
apex  turned  over  in  front.  It  is  known 
riN  the  "caj)  of  lilierty."  An  aikient 
I'v^ure  of  I.il)erty  in  the  tinns  nf  Aii- 
tonius  I.ivius,  A.I).  115.  Imlil-  the  eap 
in  the  rifjlit  hand.  'I  he  I'ersians  \\()re 
soft  eajis;  iilnnied  h.its  were  tlie  luad- 
dre.-s  of  the  Syrian  corps  of  .Xrrx's; 
tile  hroad-hrini  was  worn  Ijv  the  .Nhice- 
donian  kint;s.  Castor  means  a  heaver, 
'i'he  .\nnenian  captive  wore  a  ]>Iui,'  haf. 
'j'he  merchants  fif  the  fourteentli  ceu- 
tiiry  wore  a  ["landers  heaver.  Ch.irles 
\li,  in  lyK).  wore  a  felt  hat  lined  willi 
rerl,  and  plumed.  The  iMitjhsh  men 
ami  women  in  15  id  wore  close  woolen 
or  knitted  caps;  iwu  eeimiries  a^o  hats 
were  worn  in  the  hou-e.  I'epys,  in  his 
diary,  wrote:  "Sejiteniher,  i'»''i4,  tjot  a 
Severe  cold  because  I  todk  off  my  !iat 
at  dinner";  and  asain.  in  January.  io<'i5i 
he  got  anotliiT  cr>ld  hy  sittin;,'  too  lonsjj 
willi  his  liead  hare,  to  allow  his  witeV 
maid  to  comb  his  hair  and  \vash  his 
e.irs;  and  Lord  C'laremlon,  in  his  essay, 
speakinj;  of  the  decay  of  respect  due 
the  aged,  says  "that  in  his  younger  days 
he  luver  ke])t  hi-  hat  on  before  those 
older  than  himself,  except  at  dinner." 
Tn  the  thirteenth  century  l'n]ie  linnH-ent 
1\'  -illowed  the  cardinals  the  u-r  ni  the 
starlet  doth  hat.  The  hats  imw  in  n~e 
are  the  cloth  hat.  leather  hat.  jiaper  hat, 
;ik  hat.  ojiera  hat,  spring-biim  I'.it. 
and    siraw   Iiat. 

What  Is  the  Hotttst  Spot  on  Earth? 

The  hottest  regions  on  earth  is  said 
to  be  along  the  Persian  (uilf.  where  lit- 
tle or  no  rain  falls.  .At  I'ahrein  the 
arid  shore  has  no  fresh  water,  yet  a 
lonipa rati velv numerous  jtupulat ion  con- 
trive t>  live  there,  tlianks  to  the  copious 
siirings  wliicli  bre.ik  forth  from  the 
Ixitloin  of  the  sea.  The  fresh  water  is 
got  by  diving.  The  diver,  sitting  in  his 
boat,  w'nul-  .T  great  go.it-skin  hag 
around  his  left  arm.  the  hand  grasping 
its  mouth;   then   he  takes   in    his   right 


hand  a  heavv  stone,  to  which  i<  .I'.tacheil 
a  strong  line,  and  thus  ei|uipped  lie 
plunges  in,  and  (|uickly  reaches  the  bot- 
tom. Instantly  (>]ieniiig  the  bag  over  the 
strong  jet  of  fresh  water,  he  springs 
up  tlie  ascending  current ,  ,at  the  -aine 
lime  closing  the  hag.  and  i-  helped 
aboard.  '1  he  stone  is  then  hauled  up. 
rnid  tlsL  diver,  after  taking  breath, 
,1 


lilunges   m   again. 


he  source  of  the 
copious  -uljiiiarme  springs  is  thought 
to  lie  in  the  green  hills  of  (Jsmau,  >onie 
;( i(  I  ( If  I  ii  10  miles  <li-lant. 

Where  Do  We  Get  Ivory? 

l\orv  is  a  h.ird  -nh-t.ince.  not  unlike 
hone,  of  wliieli  tile  teeth  of  mo>t  main- 
ii'.iK  ehieily  coiisi-t.  the  dentine  or 
tootii--nhstance  which  in  transverse  sec- 
tions shows  lines  of  dilTereiit  color  ruii- 
mng  in  circular  arcs.  It  i-  used  exten- 
sively f(>r  indusiri.il  purjiosos  and  13 
derived  from  the  eleiih.ant.  walrus,  Inp- 
popotannis,  n.'irwh.d.  aiul  sonic  other 
nt'iiiials.  The  i\or;-  of  the  tu-ks  of  th:; 
African  elephant  i-  held  in  the  highest 
estimation  hv  nianuf.icturers  ;  the  tusks 
varv  in  si/e,  r.angiiig  from  a  few  ounces 
in  weight  to  170  ]iou;ids.  IIoltzaptYel 
states  tiiat  he  s.iw  fos-il  tusks  on  the 
hanks  of  rivers  of  Xorthern  .^ihcria 
which  weighed  iSr)  pounds  each.  Ivory 
is  sinijitv  tooth-suhstance  of  exce])tional 
l-.ardiu-  ,  toughness,  and  ekasticity.  due 
'.o  the  tirmness  an<l  regukarity  of  tlie 
dentinal  tubules  which  radiate  from  the 
axial  puli'-cavitv  to  the  periphery  of  the 

tooth. 


How  Did  Trial  by  Jury  Originate' 

.\  jiirv  eon-i-ts  of  a  c.-rt  liii  i.-:inlMT 
of  nun  -eleiied  aceoriling  to  law  and 
sworn  to  iiiijuire  into  and  deterriine 
f.icts  concerning  ;i  cause  or  an  aecus.a- 
ti...i  submitted  in  them,  and  to  decl.ire 
the  truth  .iceording  to  tlu'  exiieiicc. 
The  m-toni  of  ti\ing  accused  persons 
before  a  i:  ■>  .  as  p'-actised  in  this  cnuii- 
Irv  .and  h'.ng:  nid,  is  the  natur.al  <iitt- 
growth  of  rudimentary  fornis  of  tri.d  in 
vogue  nnoni;  onr  ."\nL;io->.e\oii  .up,  es- 
tors.  The  pirescnt  system  t'i  tri.d  bv 
jurv  is  the  result  of  a  gradual  giowth 


>w 
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uii'lir  tlu'  l'.iii,'li-li  I'linininu  I..i\v.  'riK-rc 
IS  no  special  i\'a--iin  uli\  IwcKi'  is  t!io 
usual  lunnluT  i-iiii-.iii  fur  a  i-Diiiplcto 
iiir\  t-xc(]it  the  ncccs^ily  for  limitinj; 
tlu-  luiiiijjer.  In  a  j,'ranil  jury  tlu'  iiuiu- 
hiT  acciiriliii^'  to  law  must  not  he  less 
than  twelve  nor  more  than  twenty-three, 
and  twelve  vote^  are  necessary  to  tind 
an  indictment.  The  ancient  Romans 
also  had  a  form  ol  trial  het'ore  a  (ire- 
s'dini;  juds^e  ainl  a  hody  ul  judices. 
TIk  rii^ht  of  trial  hy  jury  is  .guaranteed 
by  the  United  States  Constitution 
in  all  criminal  ca-c-.  and  in  civil 
cases  where  the  amount  in  dispute 
exceeds  >^ '()  A  petit  or  trial  jury 
consists  ol  luehe  men,  selected  hy 
lot  from  aniunt;  the  citizens  resi<linj^ 
within  tlie  juri-diition  of  the  court. 
Their  diUv  i^  to  determine  i|uestions  of 
fact  in  accordance  with  the  \vei,t;ht  of 
testimony  preseiUed  and  report  thi'ir 
tindinj;  to  the  pre^idim;  ju<lj;e.  .\n  iin- 
p.'irtial  jury  is  a->^ured  hy  ilrawin;;  hy 
lot  and  then  fjivinii  the  a<'cused.  in  a 
criminal  case,  the  ris,du  to  ilismiss  a 
certain  mmiher  'vithout  reason  and  cer- 
tain others  for  ^ood  cause.  I"ach  of 
the  jurymen  must  meet  certain  lej,'al  re- 
i|uirements  as  to  capacity  in  j^eileral  .and 
fitness  for  the  particular  e.ise  u|>on 
which  he  is  to  ^it.  and  nutst  take  .in  oath 
to  decide  without  prejudice  and  accord- 
ing; to  the  testimony.  .\  coroner's  jury 
or  jury  of  in(|\iest  is  usu.ally  comjiosed 
•  •f  from  six  to  lifteen  persons,  --um- 
nioned  to  inc|uire  into  the  cause  of  sud- 
den or  imex])l.iincd  dc.ith« 

Can  Animals  F.  ift.U  tin    Wr.itlifr  .' 

Certain  moviiueiu-.  on  the  p.art  of  the 
anitual  creation  hefore  a  ch;mi,'e  of 
we.'ilher  .appear  to  in<iic.ite  ;i  reasoniu),' 
f.icnltv.  Such  »eem^  to  he  the  case 
with  the  common  garden  spiiKr.  which. 
on  the  ;i|iproai-lt  of  "-ainv  or  windy 
weather,  will  he  found  to  --horten  and 
stren;,'theu  the  j;uy^  of  his  wch,  leniith- 
enini;  the  s.ame  when  the  storm  is  over. 
There  is  a  poimlar  superstition  th.it  it 
is  unluckv  for  ;m  .inirhr  to  meet  a  sini;]e 
ni.ifriiie.  imt  two  of  the  hirds  t<it;ether 
are  a  yood  omen.  The  reason  is  that 
the  hinls  foretell  the  comini;  of  coM  or 


stormy  ue.ither.  and  at  siuli  tinir-.  in- 
stead of  se.ircl'iniL,'  for  I'nucl  for  tlu  ir 
youns.;  in  ji.airs.  one  will  ,iKv,i\s  rcni.iin 
on  the  nest,  .^ea-jjnlls  predict  storm-  hv 
a'semhlins;  on  the  land,  as  thev  know 
th.it  the  r.iin  will  hrin-;  earthworms  .in! 
l.irv:e  to  the  surf.ice.  This,  however, 
^  is  merely  a  search  for  food,  .and  i-  diu 
to  the  same  ii;  inct  which  teache-  llic 
sw.allow  to  l1y  hiudi  in  tine  weather.  ,ind 
skim  aloni;  the  jjn.inid  wher  fonl  i- 
coininjj.  They  -inipK  follow  the  llu - 
and  jjn.ats.  which  remain  in  th.e  warm 
slrat.-i  of  the  air.  The  ilitTereiU  trihes 
of  w.adiii},'  birds  alw.ays  nii^r.ale  before 

rain,  likewise  to  hunt   for  i 1.      \lanv 

hirds  foretell  rain  hy  w.irninj,'  cries  .iiu! 
iMie.asy  actions. ;md  swine  will  carry  h.iv 
and  straw  to  hidii)j;-]il.ices.  oxen  will 
I'ck  themselves  the  wronsr  w.iv  of  the 
hair,  slu'ep  will  bleat  aiul  skip  .about. 
hot;s  turneil  out  in  the  woods  will  come 
trnintintr  .iiid  si|uealmi;.  colts  will  rul.> 
their  backs  .au'.ainst  the  ground,  crows 
will  tj.ilher  in  crowd>.  crickets  will  sin:.; 
more  loudly,  flies  come  into  the  house, 
froys  croak  .in<l  chanjje  co|f)r  to  .a  din- 
gier hue.  do};s  e.at  ijrass,  and  rooks  so.ir 
likeh.iwks.  It  is  probable  th.at  iitanv  of 
these  .actions  are  due  to  .actual  ime.i-i- 
iitss.  similar  to  that  which  all  who  .ire 
troubled  with  corns  <ir  rheiiniat'sm  ex- 
perience before  a  storm,  ami  are  causci! 
both  by  the  v.iri.ilion  in  b.iromet:ic  pres- 
-ure  and  the  cliant;es  in  the  electrical 
condition  of  tb,-  atmosphere. 

Nearest    Ajiproath    Ever    Made    to    Prr- 
petual   Motion  in  Mechanics. 

\]1     illMlltor    ll.ls    p.ilrnti-d    .1     ili.ilMr 

clivtnc  h.itterv  wliicli  seems  to  come 
<  ACeediuijly  ne.ir  to  jierpetual  motion. 
Insteail  of  iisiut;  the  zinc  balterv.  he 
profes-cs  to  h.ive  hit  upon  a  solution 
which  makes  a  b.ittery  seven  times  ,is 
poweiful  as  the  zinc  ji.-utery.  with  .ili- 
-I'lutelv  no  w.aste  of  material.  The 
power  of  the  b.ittery  j,'rows  };radu.illy 
le>s  in  a  few  hours  of  use,  hut  returns 
to  its  oritrin.al  unit  when  alloweil  to  re-t 
a  few  hours.  He  has  two  b.ilteries  so 
.irr;itit;ed  that  the  power  is  shifted  from 
rne  to  the  other  c\(;\  three  hour~  \ 
little    machine    ha-    been     runiiin''     for 
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some  years  in  tlu'  ]iaiciU  ol'licc  ,it  New 
^'orl<.  fcrtaiii  part--  uf  the  iiKi-haiiivni 
are  (.-oii^lnn-lr.!  ui  ililVrii  m  t\|ia;i~i\  c 
v".'|iac'ilii's,  anil  tin-  niaclnnr  I-  wurknl 
li\  till.'  i.-x|)ansiiin  ami  mnlrai  tinii  ui 
tlic'M-  iiniK-r  llir  n^ual  variations  ul  tiin- 
ptTaturi'.  In  llir  nwillcian  Librarv  at 
()xf(>ril  tluTi'  i>  an  a|ii)aratit-  wiiiiii 
l'a>  ohiniiij  two  little  IielK  I'ontinnoti-lv 
lor  I'orly  yeiir^,  hy  the  enerj,'y  of  an  a|.- 
pareiitly  iiiexliaii>tilile  "clr\ -['ili"  of 
very  low  eleetrieal  i  ner},'\ .  \  ilinrili 
clock  ill  l'iru>sels  i^  wnnml  np  li\  alnio^- 
plieric  expansion  iii.lMre'l  liy  llir  lual  of 
tlie  -nil.  A-  loni;  a-  the  -nn  -hint  -  llu- 
clock  will  L.'"  till  il-  «ork~  wiar  onl. 
Mr.  I).  !..  (  KilV,  a  wealths  \nuii.-an. 
lias  ;.,  his  hall  an  liM-ia-liioncl  clo.k, 
uiiidi.  so  lonj;  a-  tkc  Iimiim-  i-  occnpic'l, 
never  runs  down,  \\luni\er  the  I'r.nit 
<loor  is  openc'l  or  do^r.l.  the  windin;,' 
arraii.i,'einent-  of  the  clock.  \Nhicli  arc 
connecteil  with  the  door  li\  a  md  with 
^'earin;;  attachineiil-.  an-  iiurn  .1  turn. 
so  tli.at  tile  persons  lea\iiij,'  aiiil  enter- 
in^j  the  house  keep  the  clock  cunslaiitlv 
V  oiiml  11]). 

L'o  Plants  Breathe? 

i'Ianl>.  hive  anuiiaU.  hrialhr  llir  :iir: 
plants  breathe  tliroui,di  ;heir  lca\c>  aii.l 
stems  just  as  .anmials  do  In-  niraii^  of 
their  respiralorv  nPi^aii-  W  li.n  a 
MiUli},'  |)laiil  is  .inalw.ed  it  i>  found  to 
coti.sist  eilielly  of  water,  whicli  is  all  r.-- 
iMoveii  from  the  soil;  tlure  is  ahont  7; 
per  Cent  or  more  of  this  Ihiid  pre-iiit. 
ard  the  rest  is  solid  material.  <  M'  this 
latter  liy  far  the  most  ahtindani  con- 
stituent is  carhon.  almost  e\-i-r\  atom  of 
which  is  reiiioveil  from  the  atnio>]ihere 
I'y  tile  vital  action  oi  niimitt-  hodies  con- 
t.-ilied  ill  the  ),'reen  lra\r-~  The  carhon 
i.-i  taken  into  the  plant  as  carhonic  aci.l 
!;;:s.  Plants  also  ah-orh  ox\t;(-n.  Indvo- 
icjeil,  anil  nitroijeii  from  ihe  aiiiios].lu  re 
ill  (lil'i'ereiit  i|iiantities  thrniii^li  iluir 
leaves,  and  also  hy  nutans  of  tlnir  routs 
These  new  products  stored  ar<  in  inin 
used  in  huildiiijj;  up  the  ditferriil  origans 
of  the  plant.  Plants  i,'ive  olf  iiM-d  up 
moisture  tliroimh  their  KaM  -,  iii-i  .is 
animals  perspire  tlironi;li  the  pores  of 
their  skins.  (.'alciilatio!!-  ha\e  Ikcii 
made  as  to  ihe  .iinounl   of    w.iirr  thus 


I  i-r-pired  \i\  plant-.  The  -iinllo-i\rr. 
only  _?'-•  It.  liii;li,  with  ;.oii.  -.|iiare 
ii'ches  III  surtace  expn-ci!  to  ilu-  .ur. 
l:'Vi-s  lilt   a-   inncli  iiioi-tiire  .-e-  .-1   man. 

Vhat  Depth  of  Snow  Is  Equivalent  to 
an  Inch  of  Ram  ? 

.\e\\l\-  talKii  -now  ha\iii^  .l  depth  of 
.diont  II  i-i,  iiulii--  i-  eiiuivaleiil  to  one 
inch  of  ram.  ,\  cubic  foot  of  newly 
lallrii  simw  weiL;h-  5 '  _•  pounds  .ind  a 
cubic  tnot  III  trr~li  or  r.iin  w.itrr  wrii^li- 
i-J  J  pounds  or  I  ,<x  «i  ounce-.  \n  inch 
if  rain  means  a  j,'allon  of  w.iier  -pread 
o\cr  i\er\-  two  -ijiiari-  fei-t.  or  about  a 
hi'udrrd  ton-  to  (.-serv  acre.  Tlu'  iKn- 
-'ly  lit  snow  natnralK  varie-  a  L;i.od 
d'.al  .•iccordinj,'  to  the  speid  witli  which 
't  tall-.  reinper.itnre.  al-o.  ha-  much 
to  do  with  its  bulk.  In  cold,  cri-p 
wi-.ilhrr.  when  tin  ihrnnonu-lrr  ret;- 
i-ter-  -i-\eral  dcLirei  -  of  fro-t,  -now 
ci.iiu-s  down  lii,dit  and  ilr\  :  btii  in  iiini-l. 
I  old  Weather,  wlu-ii  the  Irmper.-itnre  is 
only  jn-t  lulnw  thirty-two  di  ^rees.  ilu- 
-no\\  f.dl-  in  l,-in,'e,  p;irtialK  thawed 
tlaki-s,  :in.l  uccnpir-  much  le--  -p.ice 
whrre  ii  f.ills  than  that  which  naclu-s 
the   (-arth    diiriiii,'   tlu    pn.-\ali-nce   of   a 

How  Are  the  Stars  Counted  ? 

>t.ir-  afr  conni.-ij  b\  niran-  of  the 
lil<-co|i'  .in,l  phiitoj;rapli_\  Ilu-  \s- 
ti-i'iiiiiiier  Ixoyal  for  Ireland,  .'sir  Kubrrt 
S.  i',,-ill.  in  one  of  hi-  leclnrr-  nicn- 
lioiied  .1  phiitoL^raph  whirli  li.id  hern 
ol  t.iiiud  Ii\  Mr,  l-.iac  koln-rt-  n-pr'-- 
scntiiiL;  :i  -iii.-dl  pari  of  ilu-  con-tiH,ilion 
o!  the  Swan.  The  ])icturi'  i-  ,-ibont  as 
l.-rLie  as  the  pai;i'  of  a  cop\  diook.  and 
It  i-  -o  crowded  with  -tar-  th.it  it 
\'|'iild  pu/zle  1110-1  people  ti.  count 
tliiiil  ;  bill  tllry  l;.i\(-  liei-li  cmmtrd  1>\  .-1 
p.ilu-iit  lii-r-on.  and  tlir  minilirr  1-  al'Miii 

I-''. .M.iiiy    of    th(--e    -t.'irs   ,-irr    too 

l.'int  r\rr  to  be  -erll  ill  the  L;ia-ati-I  of 
ti-lr-colH-s     vet     iTri-ti'd  \lti-llipl-     are 

row  beiiit;  made  lo  obiaiii  ,1  iminber  of 
-iinil.ir  plioioijraphs  which  -liall  cnver 
llie  whole  extent  of  ihe  hciMii-  Ilu- 
t.  -k  1-  indeed  .ill  imilleiise  oiir,  \--nni- 
1111,'  the  jikiti-  n-cd  to  lu-  ihr  -ame  -i/e 
as  th.ii  ,ilii.\r  nunlioncd,  it  would  re 
i|iiire  .it  least    iii,ixio  of  them  to  repre- 
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sciil  till'  I'Utiri'  «k\'.  I'Ik'  c.c)iiiitini;  (it 
>l;irs  In  llii'  lrkM'n|>c  \v;i-  l'ir>t  rtihiicd 
tci  ;i  -iVNti'ii)  liy  llif  I  Icrsi-lu'ls.  wliii  iti- 
triiilinid  ">t;ir-i;;iu.i;<.--."  wliii-li  were 
>iiii|ily  ;i  lakiilaliiiil  hy  aviTajji'S.  A 
tiU'»i'n]K  ui"  iS  in.  :i|Krttiri',  JO  ft.  foi'ii-J. 
aiid  a  iiiaiiiiil'yitis;  pnwiT  of  |S«).  jLjiviiiij 
a  liiM  iii  \'w\\  15  ill.  ill  iliaiiu'tiT,  was 
l'-.ii|  fur  tin-  ii'.iqioM'.  I'lir  jinvi-o  I'Dit- 
sisiid  ill  flinvtiiii;  this  iii-triiniont  to  a 
part  I'f  till'  >l<\  and  ciuintiiii;  llif  >tars 
in  till'  I'kIiI.  '!"ili^,  rrjii'ati'd  luindrccN  «if 
•nil-.  L;aM-  a  fair  idea  of  the  aviraijo 
nntiilur  of  ^lars  in  a  cir^de  of  15  in. 
di.inutir  ill  all  jiart'^  of  tlif  -kx .  I'roiii 
llii>  a-  a  lia-i>  it  is  ]iossil)lc  to  rt'ikoti 
tlic  niniiliiT  of  -i.ir-  in  am  known  area. 

How  Is  the  Volume  of  Sound  Measured  ? 

.-•onnd  ari-i-  from  \  iliralion^  j.;n  ini;  n 
uavi- like  motion  to  the  surronndiiif; 
atnio^lilicrc,  tlic  wave  tjradiiallN  eii- 
I.Tiiiiii;  a-  it  Kave>  the  source  of  dis- 
t.irhaiue.  while  at  the  -anie  time  the 
motion  of  the  air  jiartieles  heootiies  le>s 
.nd  le>-^.  The  -inijilest  method  of  de- 
ti  rminiiii,'  the  luiinher  of  vihratioii:.  of  a 
>oiind  i~  hv  means  of  Savart's  a])]ia- 
ratii*.  This  eon^i-ts  of  two  wlieel> — a 
toothed  or  eo!,'-wheel  and  a  drivinij- 
v.heel.  They  are  -o  adju>ted  that  the 
eotr-wlieel  i-  maile  to  revolve  with  f;reat 
raiiidily.  it^  teeth  hittiiii;  niMin  a  eard 
tixnl  near  it.  The  miinher  of  revohi- 
tiims  is  inilieated  h\  a  eomiter  attached 
ti  the  asi^  of  the  eo^-wlieel.  Supliosc 
thai  sound  is  traveliiii;  in  the  air  at  the 
rate  of  i.(kx)  ft.  per  second,  and  that 
Savart's  wheel  i>  jjiviiiii  a  sound  [irn- 
diued  li\  jot)  la]i>  on  the  card  |>er  -iec- 
onil.  it  follovis  that  in  i.ikk)  ft.  there 
will  he  J(X)  waves  or  vihration-..  and  if 
tliire  he  -•<«)  waves  in  i.ox)  ft.  each 
wave  or  \iliratioii  must  Ik-  5  ft.  in 
len'.;lh.  'i  he  velocity  of  sound  throiit;h 
air  vaIil^  with  the  ti'iiiferatnre  of  the 
1  tier,  hilt  i»  iHliallv  reckoned  .il  l.l.V 
pir  se>-ond. 

At  What  Rate  Does  Thought  Travel' 
Miouulit  traviTs  11 1  f-et  per  Mvond, 
aliont  a  mile  and  a  i|\i.irler  jn-r 
minute.'  I-'lahorale  exi>erinients  have 
heeti  iiiaile  hy  Professors  lleimholt/. 
Iler-ch,     and     Doiideis.     to     ascertain 


the  facts  on  thi>  i|nestion,  the  re~uh 
of  which  wa>  that  they  foniid  the 
|iiocc>>  oi  thought  varied  in  rapidity 
ii-  dit'fereiit  individuals,  children  and 
old  per-ons  thiiikinj,'  more  --lowly  than 
j.eople  of  miildle  aj,'e.  and  ignorant 
|ieo|ile  more  .slowly  than  the  educated, 
li  takes  ahoit  tuo-liflhs  of  a  second  to 
c:  11  to  mind  t'.ie  country  in  whiih  a  will- 
known  town  is  situated,  or  the  lan;.,'iiai;e 
in  which  a  f.iiniliar  atuluir  wrote.  We 
c.ll  think  of  the  name  of  the  next 
r.'onth  ill  half  the  time  we  need  lo  think 
of  the  name  of  the  last  nioiitii.  It  takes 
on  the  averaL;e  one-third  tif  a  .second  to 
add  nninhers  contaiiiini;  one  di.-jit  and 
half  a  second  to  mnltiiily  them.  Tl^ose 
u-ed  to  reckonini;  >an  add  two  to  t'  lee 
in  !e-s  time  than  others;  those  familiar 
with  literature  can  reiiieniher  more 
eilickl)  than  others  th.it  ."-^h.ikespeare 
wrote  "Hamlet."  It  takes  loiiijer  to 
t:Hiition  a  month  when  a  season  has 
heeii  <;iveii  th.iii  to  say  to  what  season 
;i  month  heloiit;s.  I'he  time  taken  up 
in  choosiiiLT  a  motion,  the  "'will  time." 
can  he  measured  as  well  as  the  time 
t.ikeii  iiji  ill  ]iercei\ini;.  If  it  is  not 
known  which  oi  two  colored  lights  i^  to 
he  presented.,  and  you  olt'er  to  lift  \our 
raht  hand  if  it  he  red  and  your  h  ft  if 
it  he  hlue.  ahout  one-thirteenth  of  a 
seCoiKl  is  necess.'irv  to  initiate  the  cor- 
r(  ct   motion. 

What     Is    thf     larpost    Tree     In     the 

World  ' 

In  .^aii  l-r.iiicisco,  encircled  hy  a  cir- 
cus tent  of  ample  dimensions,  is  a  sec- 
tion of  till'  l.ir;,'est  tree  in  the  world  — 
exceedini,'  the  diameter  of  the  fatuous 
tiee  of  Calaveras  hy  live  feet.  This 
monster  of  the  vei^etahle  kin;,'doni  wa^; 
discovered  in  1S74.  on  Tule  River.  Tlt- 
lare  County.  ;ihout  seventy-live  miles 
from  \'is.ilia.  \t  some  remote  jieriod 
its  top  hail  heeii  hrokcn  otT  hy  the  ele- 
ments, or  some  unknown  forces,  yet 
when  it  was  discovered  it  had  an  eleva- 
tion of  J4()  feet.  The  trunk  of  the  tree 
w  as  1 1 1  feel  in  circumference,  with  a 
(!i:imeter  of  I?  feel  }  inches.  The  sec- 
tion on  exhihition  is  hollowed  out.  leav- 
iin;  ahout  a  foot  of  h.irk  ami  several 
inches  of  ilie  wiiod.     The  interior  i~  oo 
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I'ni  in  (.imimUTiiicc  ami  _V'  ■'-'-'•  m 
li'aiiulrr,  aiiil  il  lias  a  si-atiiij,'  capacity 
III  almiu  _'<)<>,  it  was  cut  otT  I'ruiii  tlictrco 
aliout  twelve  U'ct  aliiivc  the  base,  ami 
rciniiri-il  tlic  lalxir  oi  four  im-ii  iDr  iiitu' 
il:.\-  III  cliipp  it  (li'Wii,  ill  the  center  of 
the  iree,  an<l  exlendin;^  thriiup^h  its 
whole  lenmh.  was  a  rotten  core  ahout 
two  feet  ill  cjiaineler.  [lartially  lillcil 
\'  !ih  a  so.i;<,'y,  ik'cayeil  vegetation  that 
hail  fallen  into  it  fnnn  the  In]!.  In  the 
center  o;'  this  cavity  was  fonii'l  the 
irnnk  of  a  little  tree  of  the  same  s]ic 
I 'r^.  Iiavini;  |ierfei|  hark  on  it.  ami 
-how  ill!,'  reijiilar  growth.  It  was  of 
nniforin  ilianu'ter.  an  inch  ami  a  half 
all  ilk'  way:  anil  when  the  tree  fill  ami 
>]  lit  o|ien.  lhi-~  curion>  stem  was  tra. nl 
for  neailx  loo  fnt.  i'he  riiij,"-  in  lliis 
rmnarch  of  llu  fure-t  show  its  ai;e  to 
h.ive  heen    (.K^n  \ears. 

Where    Did    the    Term    Yankees    Origi- 
nate ? 

I  in--  i-  a  woril  '-aiil  to  he  a  corni|i- 
I'Mii  III  \  iiijrr-..  ilir  In^h.ii)  iiniiniii'ia 
l-nn  of  I  :iL;li-h.  nr  uf  the  l-'n-nch  "  \n- 
L;l.n-."  wlirn  reliTrniu  In  ihr  I  .ni^li-h 
(  i'liiili-ls.  it  was  tir-l  a]i|'lieil  In  liie 
New  I'.n^lamlers  hy  the  I'.ritish  ~ii1ilier> 
a-  a  urin  of  re|iroacli.  later  li\  llie  l.nj,'- 
!i-h  III  Xnuricans  yfcnerallv,  ainl  -till 
1:  ler  h.  the  lieu].le  of  llle  Xorth  hv  the 
>oiilherners. 


How  Far  Does  tlie  Air  Extend? 

Il  i-.  I'eihap--.  ,t,'eilerall\  kimwii  that 
e:nelo]iiiit;  the  earth  is  a  layer  of  air 
fifty  or  more  miles  in  thickne--  Jn-t 
hiiw  thick  this  laver  i>  we  ilo  not  Isnnu. 
linl  we  ilo  know  that  it  exlriiil-  main 
nnles  from  the  eanh.  \<>\]  ina\  a---iire 
yourselves  of  thi-  in  a  \er\  simiile  man- 
ner hv  watchinjj;  the  sliootint;  star-  that 
n'a\  he  -cell  on  aiiv  clear  nij^lit.  i  hcse 
,'ir  miihiiii,'  Imt  masses  of  rock-  that 
i;i\e  otT  hi:ht  only  when  they  have  hreii 
ir.aile  reil-hot  hy  friction  with  the  air 
in  their  rapiil  llii,'hi.  Tin-  fart  iliat  wi- 
often  sec  ihcsc  -tar-  \\h;;>  ;;;>  \  arc 
-lill  ni.inv  link-  Imni  llir  earlli  pnivc- 
lo  lis  thai  the  air  lhiiini;h  whiili  they 
are  pa-siiii,'  exteiiil-  to  that  lieij^ht. 


What    Makes    Us    Feel    Hungry.' 

Iliini;ir  i-  a  pecnliar  cravinj;  which 
wt  are  accustomeil  to  >ay  comes  from 
the  stomach,  it  is  tlie  husine--  of  the 
stomach  to  chan.i,'e  sucli  fooil  as  we 
ta.ke  into  it  in  such  a  way  that  the  rest 
of  tlie  orjjans  of  the  hoily  which  vvc 
have  for  the  pur])ose  can  make  hlooil 
out  of  it.  When  you  feel  the  sensa- 
tion of  hmiijer,  it  means  that  the  hlooil- 
pniihicint;  system  is  calliiii,'  on  the 
stomach  to  furnish  more  hlooil-mak- 
inj;  material.  I  he  -tomach  pre]Kires 
llle  looil  inr  hlooil  proihictioii  hv  mix- 
iiii;  with  il  lerlain  juices  which  the 
-•iimach  i-  .il.le  ti>  supjily.  .\s  soon 
a-  ihe  -iMni.uh.  i-  then  called  upon  to 
s-.ippiv  ninre  hlooil-makinii  inateri.il. 
il  i^iie-  III  wuik  on  what  i-  in  llir 
-Inmarli  .iinl  Infill-  mixiiii^  things.  |  f. 
hnuever.  there  is  nothing;  in  llic 
'•tom.Lch,  the  cravins;  which  we  call 
InitiLier  is  proiluciil.  it  is.  therefore. 
tl  en  not  alto<;ether  the  stomach  which 
n,.ike-  II-  luniLrry.  hut  the  jiarts  of  our 
liii'lv    winch  .htn.illy  turn  tlie  food  into 

111 !   a  tier   tlie   -toni.acli   has   prejiared 

it 

'111  prove  tin-  il  is  otilv  iH-ce--arv 
111  -av  ih.at  the  sensation  of  htinijer  will 
-to]i  il  fiiiiil  which  is  easilv  ahsorhnl 
and.  ihentiire.  doe-  not  need  the 
p'-ep.ir.ilinn  which  the  stomach  fjeii- 
etallv  i^ive-.  i-  intrndiiced  into  the  svs- 
tcm  thriiiii^h  other  ji.arts  of  the  hndv. 
a-,  tor  insiance.  hv  injectitiL;  it  into  the 
1  I'u'e  inti-tine.  wliich  is  a  part  of  llic 
lodv.  the  fiHiil  passes  throiiL;h  .after 
a    liMVr.   ihr   -ii.niai-h   oriliii.irilv. 

What  Makes  Us  Thirsty  ? 

Thir-i  i-  a  sen-ation  of  drvness  and 
he.ii  which  is  ^enerallv  comiiiunicated 
111  It-  tliroiii;li  the  ion.i;ue  and  thro.at. 
Ihe  -en-atiiiii  of  thirst  can  he  .arti- 
liiiallv  prii.lniid  hv  ]i;issinj;  :i  current 
ol  air  over  the  memhr.aiies  which 
cover  ihe  |oii'.;iie  and  throat,  hut  tliir-t 
i-  nattirallv  due  to  a  shortajje  of  water 
in  the  hodv .  The  human  hodv  rei|uire.s 
.1  i;reat  ileal  of  water  to  keej)  it  in  con- 
.iirioii.  an.;  when  ihe  -iijip.lv  Ikciihs 
Iiivv  .a  w,  ''iiiiu  1-  Ljiven  In  n-  hv  ni.ik- 
ini;  the  niemhraiies  of  the  toiii.'Ue  and 
throat   drv. 
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III  cnmuTtioii  willi  tiiir--t.  h(i\Mvtr, 
n-  in  the  case  of  luinvjiT,  wlu-if  llic 
\\;iriiinf;  is  ijivi-n  Ity  llu'  ^liiniai'li.  tliirst 
will  1)0  ;!|iIh-.isim1  Iiy  tlu'  inlroilm-ttDn  nl 
u.itcr.  ritliiT  inld  tin.'  lilnoil,  tlic 
sioiiKich  iir  tlif  larj,'(.'  intcsiiiic.  witli- 
(iin  li.ivini;  tuuclu'ii  citluT  the  lim.mic 
cr  tiiroat.  ultiih  iirnvc-  that  it  is  nut 
i.nr  t(mt,MU-  or  throat  that  i~  lhir-t\'. 
Imt  tlu'  tifxlv  itsdf. 

What  Is  PrtUi  and  Why  Dues  It  Hurt  .' 

I'aiii  i-  tlu  ri -nil  of  an  injnry  tn 
-dine  Jiart  of  <iur  hodie'^.  ur  a  ili^turheil 
condition — a  chaniie  from  the  ni)rnial 
comlitinn.  Pain  is  caused  hy  nerves 
in  the  hiidv.  The  netwurk  of  nerves 
idniin;,'  in  hi;;  nerves  from  the  hack 
hone  or  >|iinal  chord  hranches  out  in 
all  directions,  and  near  the  surface  of 
the  skin  they  spread  out  like  the  tiny 
tvifis  of  a  tree,  coverinj;  everv  point 
ft  the  hody.  Some  parts  of  our  hodies 
are  more  s^nsiiivc  than  other-.  That 
i-  heca'  ?e  the  ner\c-  arc  tln'n  ni'arer 
tile  burface  or  d-e  there  are  more 
••crves  in  that  i>art.  The  heel  is  per- 
haps the  least  sensitiv  i>art  of  the 
hoilv.  as  the  nerves  do  not  lie  -o  near 
the  surface  there. 

I'ain  is  not  a  thins,'  which  you  can 
make  a  picture  of  or  <lcscrilte  in 
\Mirds.  I'ain  is  a  sensation  of  the  hrain 
c:'used  hy  a  ilisturhance  of  conditions 
in  <ome  ]iart  of  the  hody.  If  you  cut 
your  tinker,  you  cut  certain  veins  or 
arteries  mid  al-o  the  tiny  nerves  in  tin- 
finser.  The  nerves  ininiediately  let  the 
hrain  know  that  they  arc  injured,  and 
the  hrain  sets  to  work  to  have  the 
(lama^e  repaired.  Rut  there  is  a  con- 
gestion ris.'ht  where  the  cut  is.  The 
veins  heinu  cut.  the  hlood  which  wf)nl  1 
ordinarily  flow  throujih  them  hack  to 
the  heart.  ])ours  nut  into  the  cut  and 
the  inside  of  your  fmirer  is  thus  ex- 
posed to  the  oxygen  of  the  air.  and  the 
action  of  the  air  on  the  expose<l  jiart 
helps  to  make  the  pain.  It  is  not  your 
fneer.  however,  that  hurts.  It  is  the 
shock  that  vour  hrain  s^'t^  when  yon 
rnt    vr)ur  fini^er   that   hurts 

\  pain  in  your  stomach  i-  a  ]iain 
can -CI  1   liv   something  else  than   a  cut 


I''  llic  slomach  could  always  dijje-t 
e\erythin<,'  or  any  amount  of  stuff  \ou 
put  in  it.  \(>u  would  not  have  a 
-ioniach  pain.  I'm  -ometimcs  \ou  jiul 
thiiiijs  into  \our  stomach  throm^h 
your  mouth,  of  cour-e.  that  the 
stom.ich  cannot  handle.  (  >r.  it  may  he 
a  comhination  of  a  mimher  of  thiii!;,'- 
thai  c.itsi'  this  umi-nal  condition  in 
\iinr  -lomach.  The  stomach  make  a 
-|  rcial  effort  to  J,'et  rid  of  this  trotthlc- 
-oine  suh-tance  and  };enerally  suc- 
ceeds eventually,  hut  while  the  tiicht 
is  .ijoinj,'  on.  it  pains  or  hurts  you. 

I'ain  is  the  result  of  a  disturhanee 
of  the  nerves.  It  is  just  the  o)pposite 
of  .i;la<lne--s.  Wc  sometimes  are  so 
i,dad  we  feel  jjood  all  over.  I'ain  i- 
jnst  the  opposite.  N'ou  can  ]iro\e  th.it 
pain  is  not  a  real  tliini;  hut  only  a  sen- 
-ation.  I'erhap--  \ou  have  ha'l  tooth- 
ache. \nu  go  to  the  denti-t  and 
he  kills  the  nerve  or  takes  it  out.  After 
that  you  cannot  havi-  the  toothache  in 
that  tooth  again,  hecause  there  i-  nn 
nerve  there  to  lelegra])h  to  tlu-  hrain. 
( \  <n  though  tlu'  <-aii-e  of  the  hiin 
-tdl  exi-I-  \'i\)  cannot  feci  pam  un 
less  the  hrain  knows  ahout  the  injure. 


What   Is  the  Horizon' 

'  if  course  von  know  wh.nt  the  hori- 
zon i-  It  i-;  ea-icst  to  -ic-  the  hori/on 
.,;  -ea  when  out  of  sight  of  laiiil,  I  here, 
when  von  look  in  anv  directif)n  from 
the  -hip  to  the  ]ilace  where  the  sea  and 
the  -k\  meet  \ou  see  a  line  which,  if 
von  fnlldw  with  \nnr  eve  as  von  tiini 
coin|.lrir1\-  around.  make<  a  perfect 
ciri  Ir  h  looks  as  though  it  marked  the 
hr)nnd.ir\  nf  the  earth.  <  >n  land  it  is 
not  ca-s  to  -ce  as  nnicli  of  the  horizon 
at  one  time,  hecau-e  ot  liuihlings  niid 
trees  and  hills  in  the  woods  and  else- 
\ihere.  hut  if  the  land  were  ]ierfer|l\- 
smooth  like  the  -<  .i  and  there  werr  rm 
trees  or  huildings  or  hills  in  the  wav. 
you  couM  see  just  a-  perfect  a  circK- 
on  land  as  on  sea.  This  proves  th.it 
the  horizon  is  a  niov.ahle  circle.  On 
find  it  i-  wlure  the  e.irtli  ,ind  skv  ap- 
|i(,ir  to  nurt.  ,ind  ■in  w.itcr  it  is  where 
-kv  ,Hh1  water  appear  to   meet. 
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How  Far  Away  Is  the  Horizon? 

I  111-  artiKil  cliM;iiu-c  ni  ilir  hi.n/nn 
a\\,i\  I'rnin  ii^  drini^N  alln-cilur  \i]"Pii 
llic  'luiL;lit  :i1ii'\o  till-  -ra  Ka<  1  from 
wliuli  wr  arc  luokm^;  as  far  a-.  \vc  can. 
1  h,'  li(in/nn  i~  always  as  far  away  as 
we  can  -cc,  \l  llic  --ca-'Hirc,  wIuTC 
\\c  aic  praclicall)  cii  a  lc\cl  with  llic 
water.  w<-  lanmit  ~cc  ^n  lar  a^  w!lcii 
wc  aic  lip  I'll  a  lilulV  nr  hill  ovcrlcicik- 
ir.i,'  tlic  ~ca  riic  hiirhcr  wc  s,'"  "!' 
vlraiyht  frum  a  ijivcii  imiiU  the  urcatcr 
the  ili-lancc  wc  can  --cc  up  tu  a  certain 
pi. nit  aii'l  the  lartluT  awa\-  the  linn/mi 
will  ajijii^ar.  'riic  height  i.f  the  per-mi 
luiikiiii;.  lit'  ciiiir-e.  ti:.^vire--  in  tin-,  lie 
CMl^e  when  Mill  arc  at  -^ca  level  it  i^ 
(iu]\  \iiiir  feet  rcall\  that  arc  at  ^ea 
lc\a  !  lit'  \'<\\  are  ^laiiiliii'.,'  n]>  ^traiLllit  1 
ami  the  .li-tancc  uf  the  liMri/uii  i-~  inca--- 
vrcil  t'riiiii  the  c\c  nl'  the  pcr^mi  Imik- 
iiiL,'.  A  hii\  i.r  i;irl  <it'  ten  wi.iiM  In'. 
v,.\'.  a  little  iu(T  I'liiir  t'cet  hii;li.  ami 
the  c\c-  111  such  a  per-iiii  wiinM  he 
ahuilt  I'ntir  fcot  ahovc  the  le\el  nl  the 
^ea.  \t  that  hciLjIit  the  hurizoii  wmilil 
he  ahiiut  twii  ami  a  half  mile-  away 
1  i'  the  e\e^  arc  ^i\  feet  aluuc  ^ea 
level  the  ili-taiu-c  nf  the  hnri/nii  will 
\,K  ahiiiit  three  tnilc^.  ^n  th.al  prac- 
t!cal!\  e\erc  ime  -ee^  a  ilil'fereiit  Imri- 
/Mil.  th.it  1-.  line  th.at  api'cir-  at 
.•I  clilYercnt  ili-t.ince.  A  linmlrcil 
feet  ahiivc  the  level  if  the  ^e.i 
the  h'ln/Mn  will  he  iiinre  than  thir- 
teen niilc^  aw.ic.  while  at  kkk)  feet 
;i';iitllile  it  wmihl  he  (.'  nille^  aw.ac. 
nivl  if  \iiii  cmiM  ,l;i>  a  mile  intn  the 
.■iir  the  Imri/iin  wmiM  appear  '  |i  1  iiiilc- 
frmii  where  \(iii  .are  I'hc  hi-jher  mhi 
fjii  the  farther  .awav  the  circle  which 
app.ircnth  mark-  the  joinint:  nf  th>' 
c;,rth  ::■)■]  -kc  appear- 
Why  Can  'We   See   Farther  'When  'We 

Are   Up  High? 

Rcnicnihcr  that  the  earth  i-  rmiml 
niKJ  villi  will  jirohahiy  he  ahlc  tn  an- 
swer the  (iiiostion  ymirscll.  'I  his  (nic 
like  most  questions  bovs  anil  t;irh  a-k. 
oi;l\'    renuires    a    little    thnuLjht.       1  he 

_J      . ..  ^     I--.-..-.     '..— .r--..".! 

C.Mli'i.    ni     vOUr.'l,    .1.       -      :*--■---  •-    : 

1-iim  ago.  is  a  glohe.  When  you  lonk 
out  on  tile  land  or  the  sea  frmii  a  hii,'h 
jilace  ^■ou  can  see  more  of  the  earth's 
round  surface  before  the  curve  of  the 


I  itii'-  >urf,icc  take-,  tiling;-  Ik  nml 
the  r.iiifjc  of  visiiin.  If  \iiii  arc  mi  a 
hhilf  l(K)  feet  liiL;h  .at  the  s'/ashore  and 
I.M.kiiu;  tnward  a  pmnt  wlicre  a  ship 
i-    cumins;    tnw.ird    -Imrc.    xmi    will    he 

.ahlc  tn  -cc  the  -lli|i  much  -nniier  than 
if  Mill  were  at  the  sea  level.  In  1  \,ict 
wnriN.  vim  .actually  see  iimrc  ni  the 
earth's  surf.icc  the  higher  up  you  are, 
hccau'-e,  as  vdii  gi  1  up  \iiur  position  in 
rcl.atinii  til  liie  curvature  of  the  earth's 
'I'rface  ch.angcs. 

What  Makes  Lobsters  Turn  Red  ' 

When  .a  Inli-ter  i-  t.akcii  mit  of  the 
Inh-tcr  tr.ip  with  which  the  tishcrman 
trap-  him.  he  i-  green,  hut  when  he 
cniiic-  to  the  tahh'  ,as  ;t  clmicc  nmr-el 
n,'  fiKid  his  -hell  i-  rv\  We  kiinvv  th.at 
h.c  b:is  liccn  hnilecl  .ami  we  kiinvv  that 
he  gne-  intn  the  hmliiig  w  .iter  green 
.'.ml  come-  mit  red.  ''h'-  ch.ange  in 
llic  cnlnr  nf  the  -hell  nf  the  !nh-ter  is 
the  re-nll  nf  the  el'feci  nf  liniling  wa- 
ter nil  the  cnlnriiig  tii.ateri.d  in  the 
-hell  When  the  Inh-tcr  i-  put  in  the 
hulling  w.ater  the  prnce--  iif  hniling 
prndiice-  a  chemical  change  in  die 
1  nlnr  in.ateri.al  in  the  Inhstcr's  -hell, 
'i'here  i-  nu  iiarticiil.ir  rea-nn  wliv  the 
jnh-ter  -hniikl  turn  rel.  cNCcpting  that 
ihat  i-  the  cl'fect  hnihng  water  ha-  on 
the  cntnring  matter  in  the  -hell. 

V.'hy  Do  We  Have  to  Die  ? 

Meiih  mii-i  cniiie  tn  all  thing-  that 
ll.ivc  life.  \11  m.atter  in  the  vvnrld  is 
cither  living  (  anitnatc  I  nr  dead  1  iii- 
.••iiimatc  1  In.iniin.iic  thing-  i\n  nnt 
change,  riiec  rciiiain  .alw.av-  the  -.ame 
N'v'e  can  clia'  the  fnriii  .ind  -i/c  ni 
in.inimate  thing-,  and  p.irticles  ni  them 
even  help  to  make  up  the  bodies  ot  the 
hviiig  things,  hut  wli.at  they  .arc  made 
of  alvvavs  remains  wh.at   it  was. 

Heath  i-  imc  of  the  things  that  must 
ncvair  if  we  .arc  tn  cmitinue  to  have 
n.nrc  life.  Tile  whole  plan  of  living 
thing-  inchnles  the  ability  to  rt-pro- 
ihice  themselves,  I'Aery  kind  of  life 
I..1-  the  power  to  jiroducc  life  like  it- 

•;e!f     ■.•.■•.t\     'hi-;     •irnces--     :lt      rel  ^rn.  h  h  I  inn 

:-  continuous,  if  there  were  no  death, 
then  the  world  wouM  soon  be  crowded 
with  living  things  to  the  point  where 
tlicre  would  be  neither  room  nor  food. 
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WHIRL   WINDOW   GLASS   COMLS    PRUM 


] 


Makin<^    Plate   (jiass 


What   Is   the   Differencp   Between   Plate 
Glass  and  Window  Glass? 

I  low  is  iilati'  .ui.iss  iiiailc?  ria'-i- 
iHiestii)n>  ATv  a-kii|  very  tri'i|iu!illy. 
I  lu-  two  ]ir()(liu'ts  art'  win  illy  tiiiliki' 
I'ai'li  (itlicr;  and  wi-  \\i~li  i.i  ^Imw 
whtTriii  lies  the  <iitTereiuc.  W  i'  ^liall 
till  llDW  ]>late  u'-''^"^  is  niaile:  an^l  we 
hope  to  make  it  clear  that  ^riat  care, 
time  am!  exjiense  are  itivnlv;':!  i:;  it-. 
manufacture. 

The  raw  material-  nia\   he  ^aid  tn  he 

virtually  the  same  in  plate  i^lass  as  in 

riclurcs  iifrcwith   by   i.   urtisy 


windnw  filass  :  the  main  difference  hc- 
iiij;  that  in  plate  gla-s  j,'reater  care  i- 
cNerci-ed  in  selecting  and  iinnf\iii-  t'le 
ingredient-.  Window  i;la--  i-  niadi 
\\ilh  a  hlin\-pi].e.  The  work  ri-qnires 
-kill  on  the  jiart  of  the  operator;  hut 
the  pr(H-ess  is  (|iiite  simple  and  rapid 
\nfl  the  re-nIt  is,  natnrallv.  a  conipai 
alivelv  ordinary  and  indit'ferent  prod- 
net.  (  >n  the  other  hand,  the  siiperh 
■  inahty  of  jihite  ijlass  is  owiiiLr  to  ti;> 
elalxir.ate  meth'.il  ,,f  prodncin'_'-  it. 

('ommercial     jilatc     >,da-s     ua-     t'lr-' 
made   in    I'r.ance   sirnewhat   more   than 

■  if    I'lltsliiirsh    I'l-iti-    <;ia'S    (  M. 
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l\v(i  limiiiiH'il  \cars  ;i-(i ;  althoupli  ^'l;i-- 
iii  niu-  fi.';ii  ,,r  ar.iithiT  lia-^  been  in  u-r 
fur  tiiaiu  (.-fimirii.'s.  Npparently  )<l:i-'> 
wa^  kiiMun  in  l".L:\iit  \n\\y  fii;ir  thoii- 
-and  \car-.  at:o. 

T!k-  iiiattaaa!-  n-eil  ari-  silica  (  wiiilf 
>aii'l..  carlKiiiatt.'  ol  ^^tla  (so.la  a^li). 
aiiil  imif.  (  )tlu'r  iiiatiTiaK,  as  ar^enii" 
aii.l  i-!iat\-iial,  aro  used  in  >niall  pro]>or- 
t:(iii~.  hat  the  main  iriijriMiit-iits  are  the 
lir-t    thrt-c  iianuil. 

I'fiihahK'  it  i<  htilr  iniaijincil  that 
:n  ihi-  priulni-tidn  nf  I'lati.-  ula--.  ininin- 
i-  iMVdKa'il  in  tun  iir  ninta'  t'onii- 
I  nanH'l\  -ilica  anil  i'"  il  ),  aUci  tln'  ipiar- 
r\inu  of  hnK'^t.iiU'.  the  chrniiral  man 
iifactnre  of  soda  a-h  on  a  1arL,'e  scaK', 
tlif  roluction  atid  treatment  of  tire  cla\- 
to  it-  riL;hl  i-oiisisti'iif\ ,  an  vlaln.ratr  and 
exiii-nsive  system  of  ])ot  m  ikiiiL: ;  anil 
tlie  nieltini;.  eastinp.  rolliiiLT.  annealing. 
t;rinilinL'   and  iiolisllincr  of  the  trl^i'^'-- 

In  --iiefial  n^es.  as  in  heveied  i)lates 
and  mirror^,  two  more  elabi  irate  ]iriii-- 
e--es  mn-t  he  aded-  hevelinR  and 
silverinr  all  •<\  wliii'li  are  performed 
nnder  the  direction  of  exjiert-.  aided  l)v 
a  lart;e  animnit  of  lalxir  and  cNLV-'nsive 
tnachinery. 

I'ots  of  fire  clay  take  so  inijJDrtant  a 


part  in  the  snccessfnl  maniifaetnre  of 
plate  -la—  that  the  ^nhject  deserves 
esjieeial  notice.  'llie  ditYerent  clays 
after  licinjj  mined  are  exiiosed  to  the 
weather  for  some  time  to  hriiv.::  atmnt 
ili-i!ite!.;ratiiin. 

.\t  the  priijier  sta^'e  tine'e  -it'ted  raw 
clav  i-  mixed  \s  ith  coarse,  hnrncd  cl.iy 
and  w.iter.  This  rednces  liahility  vi 
'-hrink.iL;e  .md  crackinu;.  li  is  then 
"I'liuued."  iir  kneaded  in  .i  mill;  kept 
a  liin.i;  time  I  sometinio  a  year)  in 
storai:e  bin>  to  ripen;  ami  .afterwards 
coes  thr<ni<;h  the  lalxirioiis  proce-s  of 
"tre.adini;,"  N'othiiii;  has  thii--  far  been 
fiinnd  ill  m.achinerv  bv  which  the  rii.rht 
kind  of  plasticity  can  he  developed  ;is 
dm-  this  primitive  treadiiiL;;  by  the  b.aie 
feet  of  men.  The  cla\-  mn-t  be  tie  a  le  1, 
not  once  or  twice.  Init  m.my  times. 
I'he  bnildim,'-  of  pots  i>  a  -low.  tedinti- 
and  timed<ilIinLr  alT.iir;  but  tlii,-  is  mn-t 
e--ential. 

Without  extretnc  care,  snnie  elements 
used  in  the  makiiiLT  of  the  [X'ts  niiLrht  be 
fused  into  s''''"^s  while  imderuDing  the 
intense  iieat  of  the  furnace;  or  tiiey 
inifrht  break  in  the  handlintr.  The  av- 
era^je  pot  must  bold  abmit  a  ton  of 
molten  glass,  and  the  average  furnace 
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HOW    WLLTINO    I'OTS   ARt    MADL 


ror  MAKING. 


■nnrcn- 


•  U'.-it  iiccc-sary  is  ainnu  ,\< }()()- 
liyit.  'I'lif  work  is  not  "ontinnous. 
i-.acli  workman  lias  ^cvcral  put-  in  li;uvl 
al  a  time,  and  pa>ses  from  one  to  an- 
other adding  only  a  lew  inches  a  day 
i'>  each  ],ot.  -o  that  a  proiKr  iii- 
terval  for  seasoning  he  given,  .\lter 
cdini.lelion,  comes  the  proper  dryiii;; 
out  of  the  pots;  and  this  is  another  fea'^ 
tiire  in  which  the  ijreatcst  -cientilic  cTrc 


IS  required.  Xu  pet  may  he  u.-ed  iiiitii 
It  iia-  i)een  left  to  -eason  for  at  least 
three  months,  and  even  a  vear  is  desir- 
■ihle.  .\nd  after  all  this'  troiihle.  the 
liot  has  hut  25  day>  of  usefulness.  Tiie 
pots  form  one  of  the  heavv  item,  ot 
e.\i)ense  in  i)late  i,dass  ma'mifactun  : 
and  upon  their  safety  -jrcat  things  ,le 
petid. 

The  ]iot.  Iki\1!1-  lueii  ilrM  liron<,''ii  t.i 


HOW    THE   HLOF:    PLATHS   OF   (iLASS    ARI:    CAST 


_.  |,i 


SKiMMrvi;  TIM    roT. 

i!ic  nccc'^sary  liijjli  tfiniieratiiro.  is  filled 
lieapitig  fulj  with  its  mixed  "batch" 
'if  yiouiid  >ilicn,  -nda,  lime.  I'tc 
Mcltinjj  reduces  the  bulk  so  imuli  that 
liie  \«<l  is  filled  three  times  before  it 
ciiiitaitis  a  sutlicient  chart^e  of  metal. 
When  tlte  projier  molten  sta'jfc  is 
reachcil    I'.ie    put    is    lifted    out   of   the 


luiii.ue  b\  .1  crane,  is  lirsl  laiei  ilix 
skitiinied  to  remove  surface  impurities, 
and  then  carried  overhead  by  an  ekv 
trie  tr.imuay  to  the  casting'  t.ilile 
'I'liis  is  a  larjjc,  massi"e,  llat  table  of 
iron,  iiavinc;  as  an  attaciiment  a  heavy 
iron  roller  which  covers  the  full  width, 
.11(1  arr.uijTed  so  as  to  roll  the  entire 
leni,'th  of  the  table.  The  -ides  of  the 
table  are  fitted  with  adjustable  strips 
which  permit  the  producing  of  plate- 
f>f  different  thicknesses.  The  pasty,  or 
lialf-lluid  ijlass  metal  is  now  ]ioured 
upon  the  table  from  tlie  melting  pot. 
and  the  roller  quickly  passes  over  it, 
leaving,'  a  layer  of  uniform  thickness. 
The  heavy  roller  is  tii>w  moved  •)ut  of 
the  way,  and  then  by  means  of  a  stou 
ing  tool  the  red  hot  plate  is  shoved 
into  an  annealint;  oven.  .Ml  of  the-e 
stages  of  the  work  have  to  be  'ler- 
fornied  with  remarkable  speed,  and  by 
men  of  long  trainin:^  and  experience. 
The  filates  rcm.iin  for  several  <lavs  in 
the  annealing  oven,  where  the  temper- 
ature is  gradualiv  reduced  110:11  an  in 


rAsTivr.  ri  \tf  r,I,,^5s. 
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HOW     IMI.   (il.ASS    I'LATI  S    ARI     (ikOl  M) 


I'Rtl'AKINl.      Tllh 


iinsc  Iii-at  at  tir^t.  until  at  the  en  I  of 
llic  rcfiiiirt'il  pi-riod  it  i<  nn  Imitcr  tlian 
.in  •■rflinarv  room. 

When  tiic  plate  is  taken  frnm  the 
.'inneahni;  oven  it  has  a  rnimh,  npaqiie, 
.ihniwt    iiiuUilatiii^;   appearance   on    t'li' 


ever,  for  within  it  is  as  clear  as  crystal 
First,  it  is  siilmiitteii  for  careful  ins|Mc 
tion,  so  that  ImliMes  or  >it!uT  ilefects 
ttiay  be  tnarkeil  for  cnttiiiR  fdit.  It 
then  [joes  to  the  cnttcr  whn  takes  oiV 
tlie  roiiiih  eiliLTCS  an'i  si|nares  it  into  tlie 
riijlit  diniensioiis ;  ami  thence  to  the 
:;rin<lin)j  rootii. 

The  -rinding  tahle  is  a  larjje  llat  re- 
volvin;j  |ilatform  inaile  of  irun,  tweni\  - 
five  feet  or  ninre  in  <Iianieter.  The 
plate  niitst  l)e  carried  from  t1ie  anneil- 
iii'^  oven  to  the  'grinding  machines,  .in  I 
thence  to  the  racks,  in  men  ^killed  in 
the  art.  Tweniy  men  aie  required  t^i 
carry  the  l.iri;er  ))late>  of  ^lass.  ten  on 
each  side,  usiny:  leather  straps  and 
stc  pin.;  together  in  perfect  time.  The 
1ock-ste|)  is  ahsol'i.elv  essenti.il  to  pre 
vent  accident.  The  grindinjj  t.'ible  i^ 
pu'p.ircil  liv  heitiL;  llooijcrl  with  pla->ter 
of  I'aris  and  w.iier:  then  the  iilas^  is 
carefully  lowered,  and  a  miniher  of 
men  mcunt  upon  the  plate  and  tramp 
it  into  ])lace  until  it  is  set.  .\fter  tlii-. 
irrcatcr  -ccuritv  i>;  ohtaiiird  !i\   iuu:\;iii[; 


'.KiNpi  N.,   I  iif   rr-  \rK> 


HOW  Mikkoks  Aki:  naaoi: 


..II..     |.U|>.kl<..l     .W)ll<lc'II     |>lll>.     .lll'l     tlll'll 

t!a-  t;il>lc  is  set  in  motion.  Tlie  uriiid 
iiii.'  IS  ilone  t)y  revolving  ruiiiiiTs 
."^liar|)  >an«l  is  fed  upon  tlic  fal»lc.  and  a 
^tiT.iin  iif  water  coti«tantIy  lJ"w>  nvir 
it.  Afti-r  till-  tirNt  iiitlitii;  l)y  tin-  san'l. 
ciiiiTy  is  iisi-d  in  a  siinil.ir  manner. 

Tile  |il  ites  .ire  insiiei'ted  after  leav- 
iii;;  tlie  grindinj;  nnun,  and  if  any 
sirattlies  or  delects  of  any  kind  are 
lotniil    tliev    are    ni.irked  Some    <if 

Ilie>e  ean  Ik-  rulilied  dnwn  by  h;ntd. 
There  are  also,  nut  infrequently,  niiks 
,ind  fractures  fonnil  at  this  statue:  and 
in  -uch  case  the  ]il:itc  nni^t  ai;ain  l)c 
eiit  and  s<|uared.  Afterward  ennie- 
tile  polishinj;,  \\hii4i  is  done  on  ancilluT 
speiial  t,il)le.  I  he  ]i(>lisliinjj  niateriil 
is  ron;,;e,  or  iron  peroxide,  app'ied  wiili 
water,  and  the  ruhhinij  is  dune  b\ 
blocks  of  felt.  Keciprcicatini;  niacliin- 
ery  is  so  arranL;ed  tliat  every  jurt  of 
the  jikitc  is  brouLriit  underneath  the 
iMlibini;  Mirf.ice. 

Tile  i;riiidiii,tj  and  iiulisliint;  has  taken 
away  from  the  oiii;inal  plate  half  of  it^ 
ihiikiU'ss.  sometimes  more,  'i'lure  i-' 
no   -a\ing  of   the  material;   it    ii  is  all 


BKVU.lNr,  PI  .\TFS 

been  washed  aw.Tv.  \\  lun  to  this 
wa^te  is  adde  1  the  fact  that  ftillv  halt 
of  'he  orii;ina!  weight  of  lime  and  s.hI.-i 
has  been  released  by  the  heat  of  the 
fiirn  ice,  escapiii'-;  into  the  .itmc-phere 
in  fumes  and  acid^.  one  iii.av  bi'tj-n  ti> 
understand  sumelhintj  nf  tlie  c^^l  m 
converting  the  rongh  materials  of  sand, 
lime-tone  and  soda  into  beaiitifii'  plate 
k'la-s. 


In  prcpariiiLj  plate  ^;'i.i>>  lor  mirrnr- 
Kreat  care  must  Ik*  e.\erci-ed  in  the 
>election  of  the  |>lites.  'Ilii^  selection 
be,irs  refereiue  not  oidy  to  surface  de- 
fects, lint  to  the  (|uality  in  general;  de- 
fects which  caimot  ordin.irily  Ije  seen 
are  ma^;nilied  many  fold  after  the  gla-~ 
ha>  recei'ed  .1  coveriiiL,'  of  silver. 

In  the  process  of  beveling,  the  |)l.iU 
passes  throiijjh  the  h.and-.  of  skilled 
workmen  of  live  dilTerent  ilivision>, 
n.imelv  :  roiiy;hers,  emeriers,  smoothers, 
white-wlieelers  .and  biitTers;  and  dif 
ferent  abrasive  materiaU  are  used  in 
the  order  '  licated  by  the  titles. 
These  materi.ils  are  sand,  emery,  nat 
lira!  sand-tone  imported  from  I*'ni;land, 
pnniice  and  rouge. 

'The  ronghiii'.,'  mill  is  a  circnlar  I'lSt- 
iron  disk  .alxjiit  -H  inches  in  diameter, 
constructed  so  that  the  face  or  top  of 
the  null  revolves  upon  a  horizontal 
plane  at  a  -.iieed  of  about  2?*)  revolu- 
tions ]>er  minute.  The  -and  is  con- 
veyed to  the  mill  from  ,ibove  thronuli 
a  hopper  simnltane  nislv  with  a  stream 
of  water  wh!ch  is  ]>la\ed  ui)on  the  sand 
to  carry  it  to  the  mill.  'I"he  rougher 
places  the  edge  of  the  plate  upon  the 
r.i|iidly  revolving  mill,  and  the  cutting 
of  the  bevel  is  done  bv  the  )>assage  of 
ihe  sanil  between  the  mill  and  the  plate 
of  glass.  .\  bevel  of  any  dc-^ired  width 
•it.iy  be  produced.  T'attem  iilate-  con- 
I  lining  incn.'ves.  mitres,  etc.,  rerjuire  a 
j.r.icticed  eye  and  great  skill  upon  the 
i  art  of  the  operator. 

When  the  plate  leave-  the  ronglur's 
li.inds  the  surface  of  the  bevel  has  been 
■.;ronnd  so  deep  by  the  coarse  sand  that 
liolishintr  at  this  stage  is  im]xissible. 
ron-ei|Uently.  in  order  to  jirodnce  .1 
surface  fine  enough  to  render  it  sus- 
ceptible of  a  Iiigh  and  brilliant  poli-h  it 
must  go  thri>u.;h  the  various  treatments 
we  h;ive  mentioned.  'The  einerier  uses 
a  fnie  grade  of  emery  on  a  mill  siniilar 
in  constructioi.  to  a  roughing  mill, 
which  takes  awav  considerable  of  the 
.  ci,ir-e  surface  given  bv  the  tirsi  cuttinu 
I  lun  it  goes  tc  the  smoother,  who  rr 
duces  the  rough'ies-  slowly  b\  ,i-ins.'  1 
t'me  -.andst'ii  e  from  F.ngl.and ;  ilu  11  it 
gi)c-  to  the  wliite  whoe'er  w!,')  operate- 


HOW    .MIRRORS   ARH    SIlAliRKI) 


ati  ii]iriL;Iit  ])(.])lar-\\()o.l  wlici'l  u-iii.L; 
l>(j\v(kriil  j)iiniicc  stone  as  an  abrasive; 
and  then,  as  a  last  stage  it  reaclie-;  the 
hnUer.  wlio-c  nietlioii  of  oiieratioii  is 
sliown  in  the  illustration,  'riie  hulTer 
l)rini,'s  a  hijjh  ])()lisli  to  the  hevel  hv  the 
il>e  of  roufje  a|i|>lie(!  to  thick  I'llt  which 
covers  his  wheel. 
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The  plate,  after  leaviiip;  the  hevelinij 
mum,  is  a^ain  c.iref.illy  examined  fur 
-nrf. ice  defects.  T!ie>c  (hMect^  nia\  c^n 

-ist    nf   scratcllc-   caused    inadvertentlv 


hy  ;.crinittiif;  the  Mirface  oi  ilie  i)',.itc 
to  come  into  contact  with  tiie  ahr.isive 
material.     These  scratches  are  removed 
hy  hand  ]Kili>hinj,'.  wiiich  must  he  skill 
.'u'ly  done:  otherwise  the  relleciion  will 
heconie  distorted   tiironijh   over;iolisli- 
ing  in  a  jjiven  ;iiea  or  sjmt.      Tlie  jilatc 
i<  tlien  taken  to  a  w.ash  talile  win  re  the 
~tn-face    to    he    silvered    is    thoroiij.;hl\ 
ua-Iied     with     distilled     water:     ;ifter 
'.vhicii  it  is  taken  to  a  tahle  that  is  cov 
vered     with     hhmkets,     and     wliich     i-> 
heated   to   a   temperature   (ii    fr. .m   'K.) 
lo   111)".     'I'lie  hlanketini;  i.>  to  picitect 
ilie  plate  from  being  -cratchcd,  and  aNo 
lo  c;itcli  all  of  the  silver  wa-tc.   The  -il 
\erini;  -ohition  is  nitraii'  'if  silver  !i.| 
lulled    by    a    certain    fornuil.i,    and    is 
•■•mi-ed  over  the  plate:  the  tliiid  having 
.111    ;ii)pear:mce    w'.iich    lo   the   ordinarv 
ob  -.Tver  loiiks  like  nothing  other  than 
pure    distilled    water.     \\  ii'Mn    a,    few 
111    intes  the  silver,  aided  li\   a  re:ict'  r\. 
added  prior  to  pouring,  begins  i.i  ]irr 
cipitate  upon  the  gl;i<s:  the  li(pii.l>  n- 
maiiiiiiL;  above,  and  tlni-  preveJitin-  ai; 
:md   iiiipnrities    frum   eo:ni;i-    \u\,<  c  'M 


1:;C    !v..i     ].ll    t    K-.^i-     lure 

huturi    whi   lakfu    ttiiuLKli   .t    wtn,l<> 


SUIT,   but   of   a    sort   nnl    iiifrc.ititiilly 


^,1     11; 


Mth    oininiiin    wiiictow    RJass. 


ili  ..-III 
II   IS   an    cxtrctiif 


'■xailllilr. 


I   siTt   n.il   iiifrr.|uiiillv   stm        The  »rc"n.|   virn    shows  Ihc   sanit   luiililinK   lakt-ci    Ih-imKh 

wnvl'^w    of    tvr!!?he'.!.    fia«lra*    '.latt^    j;!a«.n.      .\r^    tihxr rvintr    ;-.rr»;:n    .-=:;    ^r    t:ia    ;t;irt!..-.^    (..,i     ,,..,.    .1,,. 

as  lif  walk!  aloiiK  a  ri'»iilrnre  sirrel.  .\l  inlrrvals  a  front  «initow  will  bo  5cen  \«hii.li  (lives  a  tvmtrcl 
.li-.I..llei!  rfltiilu.ii  ..t  the  li.iuiM  iir  trcrj  i.n  the  .■p;)o»itf  .idt:  this  ia  windo*  xl  .js.  Thf  other  knlrl— 
Ihc  unidow  that  gives  a  sharp  brilliant  reflection— is  fhlt  ghss.  It  ia  iraclical.v  impossible  to  obtain 
•iupern  r  icfletliug  quality  (rum  v  induw  glass.  It  can  only  be  had  from  surfaces  which  have  been  ground 
and  i-'ohshed. 


SNH\    THI     SKN     IS    BLLl: 


tict  with  tlic  .silver.  Such  coiitact 
wipiilil  i)r(.Klin.-e  ()\i(l;ition.  After  tlir 
.>ilvi.T  i<  ])r(.'cijiit;itcil  the  |il:ilc  i- 
th>iri)uu:lily  tiricd,  slicllackcd  an^I 
[lairli'd:  after  which  it  is  ready  lor 
C'lniinercial  use. 

I'litil  ahout  J3  years  aj^'o,  practicalK 
;ill  iiiirrors^  were  silvered  with  inercurx. 
I  iiere  have  been  two  reasons  for  di- 
coitr,i};in<j  the  ii.sc  of  mercury  for  .^il 
verini; ;  <i!ic  l)eiii<j  its  iujuriousne>>  to 
ihe  healtli  of  the  workmen.  In  some 
|-'.nro|iean  C'limtries  -trinj^eiU  laws  were 
enacteil.  -tiimlalin;;  that  men  sliould 
work  only  a  certain  nnniher  of  hours. 

<  )ther  hytjienic  >tiiml:itions,  adderl  to 
the  fact  that  the  use  of  mercury  wa^ 
alread\  ver\  ex)ien«ive.  have  tended  \n 
replace  that  |iroce^>  1)\  the  use  of  nitrate 
■  if  --ilver. 

Why  Is  the  Sky  Blue  I 

his  i|ue^tii>n  pu/zKil  rvcrv  imu-  ulm 
tl;oin,'ht  of  il  fur  :i  Ihm;.;  tKili-  I.mu 
a->trononKr-.  ihr  nini  \\\\i<  make  ,i  hu-i- 
m  ^-  ipf  ^tUiUu';,'  the  ^l.,K'^,  .ii'd  utluT 
U'arneil  men.  |iu//le(l  their  lir.iiu^  aliuul 
il  and  searched  fur  the  an-wer  limi; 
aL'o.  until  tniallv.  a^  al\\:i\^  li:iii|irii^ 
\vlien  a  lot  m  peniilc  >tud\  a  Mlliji'Ct, 
rrole--or  jcilin  I  Mulall.  ;i  notnl 
->ienti>t  nf  the  la-t  centur\ .  di^ii '\iird 
llie  answer.  i'lu'  rxiij.in.itinn  fiilinu-: 
.11  the  liljht  wr  h.i\e  i^  ^unliLjlil.  which 
1-  pure  whiti-  liL;lU.  Tlii-.  \s!iitr  lii;ht 
1-  made  np  of  ra\~  of  li^hl  nf  dilfrnn! 
colors.  These  ravs  are  red.  (>r:iiim\ 
\ellr)w.  ijreen.  hlne.  in<hL;o  and  \i(i'ul 
I;  takes  all  c,f  ilu-e  clitVerent  •■  •  oi 
liidlt  to  make  nur  while  --nnli  .  .md 
when  \  nu  -ep.ir.iU-  -uiilii;l,t  .'i.  ils 
orii^in.il  ra\>  \ou  always  prii.lKce  the 
r.iy?'  of  liLrlit  in  the  ahove  colm'^  .md 
in  the  sam.'  onler.  'I'hi^  i>  oiiK  inie. 
however,  when  the  -.iinli^ht  i^  |i,i^^ed 
thronph  an  oliject  which  does  mrt  nh- 
sorli  niic  of  its  r,i\~  Ihi-  i~  'A'.r  :\y- 
r;'nt,'ement  of  llu  differeiil  c(ili>r-  of 
lii^ht  found  in  the  rainhow,  Ihe  raiii- 
Iiow  is  formed  liy  sunlitjh;  I'.i-^ini;  into 
r:iindroi>s  or  vai'or  in  such  .i  w,i\  as 
t.i  divide  the  •iunliuht  into  llie  dillereiit 
colored  ravs  of  !ii;ht.  W'lien  the  rain- 
hc.w     is    farmed    iH'iie    ol    the    lav      ire 


.al'-orlicd  li\  raiiidrnps  or  \,ipor 
tliriiiiL;li  whuli  ihe  siiiiliijht  passes. 
Smile  of  these  r.i\s  of  IJLjht  are  known 
as  slidi't  ra\s  .inij  others  as  Imii;  ravs. 
I'ut  when  simlioin  m,,!,  otlu-r  things 
IhsiiU's  diiise  which  make  a  pure  r.iiii- 
\n\\\  these  oilier  olijecis  lia\e  the 
alality  to  .ilisnrli  some  df  ilic  r.i\s  nf 
cellared  h;,dit.  ;iiid  llie\  throw  uiV  the 
leiiiaiudiT.  When  these  rays  lia\e 
liec'i  ihriiwn  "It  lliose  wluch  have  ];rr:\ 
alisorlu-d  make  iiiaiiv  ihlferenl  combi- 
i',-itioiis,  .-inil  thus  are  I'mdnced  all  oi 
the  dillrn-iil  ci.lurs  we  know,  the  \,-iri- 
Otis  lulls  and  shades  of  colnr,  .ucordiii,' 
to  composition  and  size 

X'lw.  then,  lo  t;.'l  h.ick  to  the  cnlor 
o'  the  sK\.  wlii'li  Is  hhle  as  we  kimw 
The  sK\  i,r  air  which  surnninds  the 
e.artli  is  tilled  wilh  cnnnlless  iiii\-  sju-cks 
'  f  wli.it  we  may  call  dnst — particles  of 
solid  things  iKuiu'iiiL,'  or  tloatim;  in  the 
;  ir.  Tlie-f  s|„-cl,s  are  of  jus|  the  size 
.':id  i|iialil\  thai  lhe\  cilcli  ;md  .ilisorli 
p.irl  ui  the  iM\s  oi'  li;;hl  which  funii 
ipiir  siiii]i;.;hl  .itiil  thr.iw-  ntf  the  rest  df 
the  ra\s  .-iiid  tli''  p.arl  which  h.is  heeii 
.ilisorhei]  f. prill-  the  cpniiliiiiatippil  of 
(iplor  which  iiial^s  (mr  sl^\  s,  p  he.anti- 
Iu11\-  hhle  Sppiiii'liiiies  Mill  iiipiiee.  of 
I'atr-  .  th  II  the  sl,y  is  a  liLjhier  i  pr 
e.irker  hhle  lh:m  ,il  ipther  limes.  Thi^ 
p'itfiTetice  is  line  tip  the  l.iii.l  and  I'on- 
'hlioii  ipt  tiii\  specks  in  the  .air  at  the 
time,  and  to  tiie  plirectipni  ppt  an-le  .at 
wliiili  the  sunlight  strikes  these  tiny 
] '.articles.  This  f.act  hriiiLis  up  a  i|nes- 
I  p'ti  wliicli  \i«u  have  not  asked,  hut 
wliuh  wppuld  eipine  naturally  as  the  re- 
~iih  (Il   \our  lirst. 


What  Makes  tlie  Colors  of  the  Sunset' 
Ihe  ihrp'ctHPii  ot  lite  sun's  ravs  when 
thiv  III,  el  thise  lari;e  ami  sm.dl  |p.ir- 
licles  in  till'  .air  has  .i  jjreat  deal  to  ilip 
with  the  i-iiniliiu.atiipn  of  colors  that 
Il  siilt  ,is  thi-se  iphieels  ahsnrh  p.irt  ppI 
the  lavs.m.l  throw  o!'f  others.  The  sU\ 
1  the  iiiii-i  lieauliful  blue  when  tlie  sm, 
i-  hii:h  ill  th"  sk\  Unt  when  the  sun 
is  selliiip.:  ihe  liL;lil  h.is  a  ijri'.ater  ilis- 
l.'iuc  to  Iraxel  tlironi,'h  the  hell  pit  .iir 
which  surromiils  the  e.irth  th.in  when 
it    is    hii;h    up    over    our    heads.      \'ou 
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krow  tliat  if  \ini  --tiok  a  pin  -Irai,L;lit 
(liiwii  iiui)  an  oraii.m'  il  won't  i^ci  in  mtv 
far  bi'tdfc  11  is  clear  ihroiit;!!  llu-  piil. 
I'llt  it  y<ut  stick  the  pin  into  an  uranj^'o 
aloni;  tlu-  iilj;i'  it  will  j;<)  tlimnj,']!  a 
i;ii',it  <k'ai  mure  ol  the  peel  than  t!ie 
(iiiier  way.  That  is  the  way  it  is  with 
the  sunset  eolnrs.  i'he  ])eel  of  the 
iiraiii,'e  is  a  <,'iiiiil  representatimi  of  tlie 
lull  of  air  which  stirmunils  the  earth. 
\l  ^nn^el  the  Ii,i;ht  instead  of  cotnin',' 
slrai^lu  ilown  lhroii},'h  tiie  helt  of  air 
thus  nieetini;  the  eve  throiii,'h  the  short- 
est possihie  amount  of  air,  strikts  the 
air  on  a  slam,  and.  therefore,  tra\el-- 
throujih  a  j^re.it  ileal  more  air  .iml  clo^ir 
to  the  earth  to  reach  it,  with  tlie  rc-nhs 
tiiat  it  meets  a  j,'reat  man\  nioir  ni 
li:i  se  little  specks,  hesides  all  llic  -ni.ikr 
.md  other  thinijs  !hat  hani;  in  tin-  air 
near  the  i;round.  and  we  tlui>  .ijel  many 
more  lolor^.  hecail~e  some  of  the  thiiii:s 
ill  tile  air  ;ih-orh  ^ime  of  the  r;\\^  and 
ollurN  .ih^orh  very  dilTerent  ray--  when 
the  liyht  comes  in  this  slantini;  way. 
.md  that  i>  what  makes  the  dilferent 
color-  ill  the  Nmi-rt.  I'or  this  reaMin 
sini-el-  are  oftm  riciicr  .and  mor--  he.in- 
tifnl  in  color  when  the  air  i-  not  -o 
I'ltre.  lull  ha-  nntch  dirt  .uid  other 
matter  tlo.itiiiL;  .ahoul    in   it. 

Ale  Theic  Two  Sides  to  thi;  Rainbow? 

Xo,  there  is  only  one  ide  to  thr 
raiiihow.  I'he  rainhow  i-  made  li\  re 
tiectioii  r)t  the  rays  of  sniilij.;ht  throuj;Ii 
drops  of  w.aler  in  the  air.  hut  von  can 
never  see  a  rainhow  utile--  you  are 
liitween  it  and  the  -nn.  ^'o^l  could 
never  see  a  rainhow  if  vou  were  look- 
ins,'  at  the  <un.  .and  so  if  you  are  look- 
iir.,'  at  .1  rainhow  you  can  lie  lertain 
tii.it  anyone  on  the  otlier  side  of  it  could 
not  -ee  it.  hecause  they  would  iiave  to 
il"  lookinir  rii;lit  ,it  the  sun.  'ilie  r.iin- 
how  i-  always  opposite  to  thi'  sun  and 
there  cm  never  he  two  sides  to  it. 

Do   the   Eiiiis  lit    the   Rainbow  Rest  on 
Land  ? 

'I'he  end-  of  the  rainhow  do  not  re-t 
f  ..  ;iiiythiiiK.  ^'ou  sec.  the  niiniiow  is 
only  the  reflection  of  the  sun's  rays 
thrown  hack  to  us  hv  the  in-ide  of  the 


h.  ck  111  the  r.iiiidrop-.  which  .ire  -till 
la  tile  sky  alter  the  r.im  i  M'  cour-c. 
if  ,my  of  the  dr..p-  of  water  toiu-hed 
tliC  j,'romid  tlie\  would  cci-e  to  lie  imiii 
drops  a. id.  therefore,  cmiid  nut  reflect 
tiie  r.ays  of  tlie  suiilii,'lit.  ."^o,  \\!i:it  we 
think  of  ;is  the  end-  of  the  r.iiuh.iw 
do  not  really  e.\ist  al  all.  I'lie  r.iniliow 
i-  only  a  rellection  of  llie  ra\-  of  smi- 
lit,dit  from  countless  drops  of  walii  in 
tiie.air,  which  tlie  sun's  r.i\-  iiiv.t  -triLc 
at  .a  certain  an.L;le  in  order  lo  relied 
h.-.ck  tile  lij;lit  so  we  can  -ee  it.  W  here 
the  sun's  r.a\s  do  not  -inke  ilie  drops 
o'  water  :it  llie  rit:'il  aii-le  no  li-lil  i- 
retlecle  !.  .md  ihere  i-  the  end  of  (he 
1  iniilii  J  ,\  . 

What  Causes  the  Different  Colors  of  the 
Rainbow '. 

I  he  colur-  I  if  ihe  ramliow  .  w  liich  arc  I 
alw-,i\-  the  -.line.  ,iiid  are  -hown  in  i],i-  I 
order — rei|.  nr.iii^e.  \ellow.  L^reell.  hhlc 
and  \  inlet  are  -iiiiliL;hl  hrojun  U]i  iiilo 
its  orij,'in,il  enlm-,  li  t.dKC-  .ill  of  the-e 
colors  in  ihe  pii  iporlion-  in  whieli  tliev 
.are  mi.ved  jn  tin-  r.mihow  tn  make  l'  ■ 
pure  -nnlii;lit.  Ilie-i'  an  known  .a-  t.e 
pri-m.atie  clor-,  \-  -howii  ii:  .aimtlier 
ai:-wer  lo  one  of  \Miir  pii//liii;^r  i|,k'-- 
tioiis.  tlie  r.-  iiili.  iw  1-  cin-ed  hy  the  r,i\- 
ot  the  -nil  p,i--ini;  into  drop-  of  w.iter 
in  die  air  ,iiid  retleeted  h.ack  to  u-  wilh 
•■'le  p.irt  o|'  the  .jfiip  1,1  water  .aetnit; 
on  It  111  -neli  .i  wa\  ,a-  to  hre.ik  up  the 
pure  -nnliL;ht  into  tl,e-e  pri-matic 
color-.  When  a  rainlmw  .ippe.ir-  at  a 
time  when  there  i-  a  ^reat  deal  of  -mi- 
lij.dit,  you  will  j,'i'iierally  see  two  r.ini- 
Ipows.  'I'he  inner  rainhow  i-  formed 
l:y  the  r.i\-  of  tiie  -mi  tlial  inter  the 
upper  jiart  of  the  f.alliiij;  raindrops, 
and  tile  outer  r.iinhow  i-  formed  li',  tlie 
r;.ys  that  enter  the  under  part  of  llie 
r;:itidrops.  In  the  inner  or  prim.irv 
iiow,  as  it  is  called,  tiie  colnr-  |jeL;iniiiiii4 
.at  tiie  outside  rim,'  of  eolm  ;ire  reij. 
orailKe.  yellow.  t:reeii.  liliie  ,,ii,l  viol.i. 
and  beinj;  c.\.ictl\  re\er-ed  in  the  oiiur 
I  r  secondary  Imw.  I  he  -econd.irv  how 
is  also  l.ainter,  N'mi  ina\-  -onieliiiie-; 
••ee  smaller  rainliow-.  e\eii  it  n  h.i-  nut 
hciii  rainiliij,  when  iookni!.;  .li  .i  lonn- 
taiu  or  waterfall.  Tiiese  are  cui-cd  in 
exaelK    I'le  -.line  w.av. 


\\n\  jm:\  cai.i.  it  thh  milky  \\a^ 


What  Makes  the  Hills  Look  Blue  Some- 
times ? 

Till-  i--  Auv  111  tlir  fail  that  wlun  llif 
IrIN  liiiik  liliU'  Mill  an-  jncikiiiL;  al  llani 
a.t  a  (li.-taiK\,  aii'l  tluTc  i-  a  Iihil; 
-lix-ti-l;  111'  air  hrtwirn  \()U  aiHJ  llu  liilN. 
'1  hi-  air  i-.  Iillcil  witJi  iimmK'--  |iar- 
tuK'S  (It  liii-t  ,■  ..tlur  lliin;^-.  ami  what 
\ou  M-c  i-  imi  rtalh  Mm-  lnll>.  Imt  the 
ntliitiiin  if  ihr  -iin'-  ra\-  frmii  tin- 
lil'iK;  iiarti,-lrs  in  llu-  air  -Irikiiis,'  Mnir 
I  \i-.  Tla'  iiilnr  I-  ihu-  til  ihr  .lii-lV  al 
which  till-  1il;1i1  trmii  tin-  -un  -iriki"; 
thr-r  ]iartic]i--.  ailil  i-  n-Hi-clnl  haik  In 
\iinr  r\i-  ami  |iarliallv  ihir  In  llir  rli.ir- 
acUr  (if  the  ii.iriKU-  in  llic  air. 


Do  the  Stars  Really  Shoot  Down  ; 

1  he  ail-uor  i>  "Xii."  Wo  have  cnnie 
lu  ii-e  tlie  e\iire->i(in  "-hiin'nii,'  stars" 
I'linaiiiiiiK .  1ml  we  -hijiiM  iimhalil)'  ho 
iiinre  eurreol  if  we  -aiil  "-hniitiiiij 
nuk-,"  fur  ihe  lliiiiL;-  we  refer  In  enm- 
iiiniiK  a-  "-hiinlini;  -lar-"  are  innre 
like  rnek-  ihan  an\tllinL;  eh-e.  If  ailv 
(if  ihe  real  -tar-  were  In  t.ill  inin  iho 
air  -iirniiiniliiiL;  ihe  earth  u  e  -liniiM 
all  he  Iinnuij  ii|'  li\  llie  ^feat  hi  at  ije- 
\(  liijieil  Imu'  lietnre  il  aelualU  hit  the 
earth,  whieh  it  wmilil  iiiiijniihleilK' 
iK  -triix'. 

"Ihe  tliiiii;-  thai  fall  ami  lea\o  a 
-ireak  nf  h^lil  are  reall\  ntiK  |.elihle-. 
-tulles,  rnek-  nr  |iieee-  nt  irnii  aiiij  nlher 
-iih-taiiee-  lliat  fall  frmil  -nine  |i!a(-e 
mill  the  earth'-  air  lull.  When  ihev 
-irnM'  the  ,iir  al  the  -]ieeil  al  winch 
llie\-  are  falliiiL;  the  fnetmii  ni  ihe  air 
iiake-  a  heal  thai  eau-e-  them  I"  he 
ootlio  hiniininis,  ami  Iw  tar  the  L;r(aler 
Ii.Tt  nf  lliein  i-  liurmil  ni'  In  fma  thev 
l;i  I  \erv  near  the  earth,  \\ C  eall  them 
iiieleiirilo,-.  Snnielmie-.  llmiiLih  rarelv. 
line  will  iiianaL,'e  In  -Irike  the  i  artli, 
eniniiiL;  at  -neh  L;real  -iieoii  ami  iieinij 
so  lariL;o  ihal  the  air  has  nut  heen  ahlo 
to  liiirii  it  ti|)  eomiileteh-.  ami  il  will 
-trik(  the  earth  aiiil  sink  ileop  ilnwii  into 

^neii  inetenrile-  thai  ha\-e  lieeii  ihii;  up 
afler  stl'!^lnL;  the  eartli.  'I'heso  are 
enii-tanllv  fallini;  intci  the  air  surrmind- 


im,,'  the  eaiih.  imt  in  the  iia_v-lniie  llieir 
hchi  ].  nnt  -irnn^'  enoiijjh  to  he  >ccn 
\".  hiK-   the  -nil   i-  -hinins,'. 

Will  the  Sky  Ever  Fall  Down? 

-\o.  the  sky  ean  never  fall  down.  Iie- 
(aiiso  it  is  not  niailo  of  the  kiiiil  nf 
lhiiif,'S  Ihal  fall.  We  have  Ixvoiuo  n-ed 
III    ihiiikin;;    of    it    a-    the    root    of    iho 

I  ■  rth.  a  };roat  dome-shaped  roof,  he- 
ivn-i  in  (lur  lillle  \\a_\'  of  looking  at 
things  w  f  enniparid  iho  oartli  and  what 
I-  alin\e  il  with  t!ie  hoii-(.'s  in  whicll 
we  live,  lie  -k\  I-  jii-i  -paix'  in  which 
llie  liea\eiily  hii'lie-  revnha  in  their 
nihil-.  We  cannot  really  ovtT  see  skv. 
We  -ee  niiix  llu'  -iin's  li^lu  retlecled 
li}'  the  a'r  lull  which  -nrtunnd-  the 
e.-'.i-th.  In  thi-  air  hell  are  the  elnnd< 
which  ilii  cniPr  c1ii-er  m  tin-  l.niil  al 
liiiu-  ihaii  .It  iilher-.  ,nid  this  is  apt 
In  aid  in  ui\inL;  n-  an  ineorroct  ini- 
pres-iDii   of   this. 

What  Is  the  Milky  Way? 

I'he  "lialaw."  nr  "vhlkx  Wax."  as 
it  i-  pnpnlarK  ('.illed.  i-  a  Inniinnns 
circle  exlemhm;  cnni|ilitilv  arnund  the 
hia\en-.  It  i-  prndnced  h\-  ni\  riad-  nf 
-lar-.  a-  can  he  -e(  n   when  \iiii  look  .at 

II  lhriini;li  ,-i  hlc-c  ipi.  It  divide-  into 
Iwn  L;r'al  hr.nuhe-  .il  nne  ]ioint.  uliicli 
travel  inr  -nine  di-tance  soparalelv  and 
then  nniiile.  It  h.i-  al-n  several 
Icaiiche-  \l  line  pnini  it  -preads  out 
\(rv  \\idel\-   intn  a    faiilike  -liapo. 

Why  Do  They  Cnll  It  the  Milky  Way  ? 

riie  -lar-  in  ihe  ^riiii|  ,iro  so  numor- 
I  II-  that  iIk\  prc-ent  In  the  n.aked  ovo 
a  wlhtene--  like  a  -treani  nf  milk  i'n 
produce  thi-  eft'cii  rmre  are  •ml  Imn- 
Ired-  of  -tar-,  ii.ir  llmn-a.id-  of  iluni, 
hnl  .actu.allv  millinn-  i>i  thotn, 

Wdlell  \  nil  -tup  In  ihink  thai  e.ich  nile 
I  i'  ihe-e  -lar-  in  tile  .Milky  W.iy  is  a 
-tin  hke  niir  own — sonic  of  them 
-mailer,  "f  conr<o.  hut  many  of  them 
nnich  larger  \im  hetrin  to  realize  luce 
;J;;;:iisMh!e    ::  ;:;r    ina:;    tn    rnrn;    anv 

real  idea  of  the  mai,niili!di'  ami  wonders 
of  tlio  earth,  liore  in  llie  Milk\-  W.iv 
;ire   so   tiianv   suns   like   our   own    sun 


HOW     TAR    Si>ACi:    LXTliNDS 


that  iIk'v  loiictlicr  as  \vc  look  at  tlu-m 
loriii  tlic  iiartii'k's  of  a  jiatli  wliirh 
makes  the  circle  ot  tlu'  iK'avi-iis.  and 
yet  are  so  tar  away  that  to  the  naked 
eye  each  of  them  looks  to  us  like  onl\- 
one  of  countless  drops  of  milk  in  i 
verv  larfie  >trtam  of  milk  that  ^oes 
aninild  the  whnte  skv. 

VHiy  Dun  r   Ihr  Stai.>  Shine  in  tiic  D:\y- 
timi  ' 

I  hi  -tar>  do  >hiiie  in  the  il;'\-time. 
If  \on  will  ill)  down  into  a  deep  well 
(ir  tile  open  shaft  of  a  ilee])  mine  and 
look  I!])  at  the  sky,  of  which  you  can 
See  a  circular  jiatcii  at  the  top  of  the 
well,  you  will  he  able  to  >ee  the  stars  in 
th.e  dav-time.  I  he  moon  al>o  shines  in 
the  ila.-liine.  on  some  part  of  the  earth. 
At  certain  times  durin;^'  the  month  ymi 
can  notice  that  the  moon  rises  hefurc 
the  siai  set--,  and  sometimes  -n  the 
nKirnint;  ymi  can  still  see  the  moon  in 
th.e  sky  after  the  sun  is  up.  Usu.iUy 
\ou  c;nniil  see  either  the  moon  or  the 
slar~  ill  tile  day-time,  because  the  li^dit 
troni  the  -nil  is  ^o  hrijjiit  and  strontr 
that  tile  hyht  of  the  stars  ;ind  moon 
.ire  lo-t  in  the  hri^htiuss  of  the  -iin'- 
r;iys.  When  the  moon  is  visible  lufnre 
the  sun  set>  or  after  the  '  un  has  ri>eii 
it  is  hec;iu-e  tile  li.^ht  of  the  sun  is  not 
so  brif,'ht  ,iiid  '■iniii'.;  at  the  hejjinninj,' 
or  close  of  d.iyliv'l't.  If  you  are  for- 
tim.ite  enou;;li  Mniie  time  to  witne-s  a 
tiital  ellipse  "f  the  ^iin  von  will  be  alile 
to  see  the  -t.irs  in  dav-'  ''ic  without  bav- 
in" to  .t;o  down  into  a  deep  well  or 
mine  -iiaft 

How  Far  Does  Space  Reach  ? 

Spai-e  surrcmtuW  ai:  earth-.  ]ilanet«. 
suns,  and  extends  for  an  infinite  dis- 
tance beycnd  each  of  them  in  .ill  di- 
rictions.  Tt  is  imjiossible  to  measure 
in  terms  of  human  knowledtre  how  far 
Sparc  extends.  It  is  one  of  tlie  thini;'? 
be\f)nil  the  ccritprehension  of  the 
human  triiid,  and  for  that  reason  ni.in 
can  never  know  in  miles  or  the  nnniber 
!>''  nillliitns  r.f  miles  hfiw  f.ir  it  cxirrnh, 
Man  has  been  able  to  tneasiin  thr  dis- 
tance fn-ni  tlie  e.-irth  "f  smur  .if  tlv 
-.lar^.  and  some  of  the  ne.irest  of  them 


^re  niiUioii.-  of  mile-  ; roni  llii.  i.iiili. 
-Most  of  them  are  hundretls  and  even 
thousands  of  million  miles  .iway,  ,ind 
when  we  stop  to  think  that  >paci'  ex- 
tuiils  at  le.ist  as  far  on  the  oilier  siile- 
I'!  the  stars  as  it  does  on  this  -iiK-.  and 
e\en  beyond  that,  we  can  re.idily  under- 
stand th;it  it  is  licit  otiI\  iin|pii-.>iiile  tn 
ine.i-nre  sp.ice,  but  aKo  impo--.iMe  to 
L;i\e  in  words  anv  conceptinii  uf  wh.it 
its  limits  niij^dit  be. 

There  is  one  word — inliniti' — which 
wc  are  forced  to  use  in  s]n-,ikiny:  of  tin 
extent  of  space.  Intinite  means  "with 
out  end."  unbounded,  and  so  man  li.i- 
conie  to  u.-e  the  word  "intinite"  in  ile- 
scribintr  the  extent  of  s|)ace.  :ini|  th.it 
i-  as  near  as  any  one  can  describe  if 

What  Does  Horse  Power  Mean? 

I  he  term  "hor.-e  pnwer"  i-  n>ed  in 
describin.i,'  the  amount  of  pnvver  pro- 
ilucecl  by  an  engine  or  motor.  When 
man  made  the  I'lrst  en^'inc-  he  needed 
some  term  tu  ll-e  il  describiii<;  the 
amount  nf  pnwrr  In-  enjjine  couM  de- 
velop. I"])  to  that  time  man  had  used 
ihe  horse  for  turniiii;  the  w'leels  of 
bis  machinery  and  the  hor-i'  to  him 
I  aturally  represented  the  ino>t  puwir- 
ful  .ininial  workini;  for  man.  When 
engines  came  into  use  they  re]ilaced 
the  liorsis  because  tliev  were  cajiablc 
"'  developinj.;  nianv  times  the  power 
III  the  horse.  In  fmdini;  an  expressimi 
which  would  accurately  convey  to  the 
mind  of  another  the  jiower  of  a  jiar- 
ticul.ar  engine,  it  was  natural  to  say 
fh.it  tliis  inline  would  do  the  work  of 
l;ve.  ten  or  more  horses,  and  as  :his 
I'escribeii  it  accurately  ;tnd  in  :i  wa\- 
lliat  was  entirely  .-lear.  it  bec;inn'  cus- 
tomary to  describe  the  )iower  of  ;in 
engine  ;is  so  ni.iny  tinus  tlie  power 
of  one  horse. 

To-day  we  still  clinj;  to  the  term 
'horse  power"  in  describini,'  the 
strenj;tb  ni  tlie  engine,  .although  the 
horse-pdwer  unit  used  to-day  is  j^'reater 
th.in  tl.  ■  power  of  an  .average  horse, 
'in  -pc.ik  ,'  an  enpine  of  one  horse 
piiwrr  lu-d.iv  me;ins  an  entrine  that  has 
tile  power  lo  lift  30,000  pounds  one 
tiiot  in   OIK'  niini'fo. 
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A    COVL    nKI-XKI-R. 


f,  S'^'  i,"  ''''""'•"  i"minf  ran  from  •.everal  iii.tR-  -I,..!!,  .ti,4  -,..pc-,  .lumpcj  ..ni.i  .i  rnnveynr  that  runs  on  the  inrllned 

The  Story  in  a  Lump  of  Coal 


How  Did   the  Coal   Get  Into   the  Coal 
Mines  ? 

Iiii.  htavy  1)l.u-k  inincrnl  called  coal. 
which  \vi-  hum  in  our  stoves  and  fur- 
naces, rnid  use  to  heat  the  lioilers  of 
our  ini;ines  u.is  formed  from  lree>  and 
plants  of  various  sorts.  Most  of  the 
<-o,il  uas  formed  thousands  of  vcar- 
ajjo  at  a  time  when  the  atmos|)here  that 
envelopes  the  earth  contained  a  mucii 
I  iry;er  proportion  of  carl)onic  acid  i,'-as 
tllati  it  does  ik)w.  and  the  clini;'*e  of 
all  regions  of  the  earth  was  much 
warmer  than  it  now  i-.  Tiiis  period 
was  known  as  the  carlxmifernns  age. 
tii.at  i>.  the  cnal-inakintj  age,  and  it-  at- 
tnosjiherir  conditions.  f.iVoi  >  .i  iin 
ijrowlh  of  plants.  >i)  that  the  earth  was 
covered  with  vre.it  forests,  of  trees, 
giant  ferns,  and  other  pl.ints.  manv  of 


whicli  arc  nn  longer  fotmd  on  the  c.nrtli 
In  the  warm,  moist,  ,ind  carhoii-lidcn 
atmosphere  of  t'lat  |)erio(l  the  jjrowth 
of  all  kinds  of  pl.mts  was  rapid  am! 
Inxnriant,  and  as  fast  as  old  tree^  fell 
.and  ]>artially  decayed,  others  i^rew  iiji 
in  their  places.  '  In  this  wav.  thick 
layers  of  vet,'etal)le  matter  were  formed 
"vcr  the  soil  in  which  the  pl.ints  jjrew. 
In  many  i)laces,  where  these  lieds  were 
formed,  the  surf.ice  of  the  earth  l>e- 
c.ame  dqiressed  and  the  w.iter  of  the 
sea  llowi'd  o\cr  the  Iicd-  ,,i  vi'i^ct.ihle 
matter. 

Sedimcin  of  \ariotis  kind-  was  do- 
jxisited  over  the  ve.ijretahle  matter,  .and 
in  the  course  of  centuries  the  --rdi- 
iciLiil    v\,i>   iraii>formed  into  rock 

-\fter  the  formation  of  the  coverinc 
of  sediment,  the  decay  of  the  veL;et.al>le 
m.itter  was  checked,  but  a  slow  chan^^e 


nr 
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amm;  worki.rs  that  si.wm  sir.  n\M.i(iiir 


t'n(l<'r'_'roiinti  stahli-  ron- 
~iriiilrcl  "I  ii'mn'tf  anil  inin. 
«ilh  naiurul  rmk  nnil  t<i  avoid 
ilaimrr  iif  tire.  Miilc^  an- 
unly  lakiii  Id  surl.m-  when 
jnirc>  arc  idle. 


of  aii'itlKT  kii.'l  was  liiipii^'iit  almlU  liv 
the  pri'*>urc  of  the  -iHliiiicnlary  ik'posiis 
ami  tin-  lient  to  whioli  the  plant  re- 
mains were  Mibjei-tei!.  The  hyilrofjen 
and  oxyyfen  wliich  constituted  the 
ureater  part  (if  tlte  i)lant  std>-lanee  ua- 
driven  "tt  and  the  carhon  left  behind. 
I  h;~  .  Inn-e  tixik  place  very  jjradnally. 
tlir<in;;-li  ]ieriiids  mi  li'iif;  tJiat  we  ea;i 
..r.l>'  mies<  at  their  (luration,  hut  ue 
know  that  tnanv  beds  <>f  eoa!  were 
f.  anul  from  layers  of  ve^^etable  matter 
I'liat  \MTe  covered  u\>  Mianv  thcpusand 
ve;ir<  aijo. 

The  coal  tirst  formed  ami  submitted 
l.inL;eM  to  pre-svirc  is  known  as  h.ird 
coal,  or  anthracite.      It  i^  jmre  hl.ick.  or 


Tin-  Mtilis  and  Iticir 
drm  rs.-  \n  ini|i.irtanl 
part  iif  llie  haula;;c  sys- 
tim.  Muloari-  kept  in 
slat)le>  on  -urfatc  at 
this  mint  and  driven  'n 
every  day  through  =liii'C 
or  drill. 


has  a  lihii-h  metallic  luster.  Tts  spe- 
cific trravitv  i-.  1.4(i:  whicli  !■-  about  the 
same  as  that  of  Iiard  wood.  \ntlna- 
cile  contains  from  'H»  to  'M  per  cent, 
of  carbon,  tlie  remainder  liiinrj  com- 
p<i-ed  (if  h\(lroi;en,  oxvijcn,  and  a^h. 

K.ird  coal  may  be  calleil  ;he  ide.il 
fuel  and  i-  especially  adapted  to  d- ' 
tneslic  IteatinjJ  purpo-es.  It  bmii- 
without  smoke  and  ]>rodtices  prcat  he:.i. 
There  is  no  suot  deposit  upon  the  walk 
of  chimneys,  and  in  i,'ooii  sto\is  op- 
fnrnaces  tlie  small  amonnt  of  l;  is  j;i\en 
off  bv  it  is  consumed,  Vnt'ir.icie  i- 
the  least  abundant  of  all  the  varieties 
of  coal  and  is  much  more  costly  than 
the  other  varieties.      I'or  this  re.i^on  it 
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.■r~.      I  .i.,l    -1„:,, 

■'     All    111.     .  Iililr., 

li  '}  -pi'  ^  "Ul  liii- 
.Mill    ihrnu      iiiii) 

I  llMli     iiliUlLI^idl'. 


i'-    not    imu'h    used    in    nianut'acturinij.  "u/t-.  diit  of  llii    cual  when  heat  is  a; 

Mil'    ,i.al    I  ■rnud    later    is    ver\-    ilit-  plied    to    it.      Sol"t    coal    contains    ironi 

K-renl   in  coni]io-.ition  and  i-  called  bi-  7.^    to    S3    per    cent,    of    carbon,    some 

inniiiiiiii-  or  -ott  coal.      It-  nanie  is  do-  traces    of    siilpluir.    and    a    l.arper    jier- 

ri\e(l    iroin    the    f.irt    ili.it    it    cont:un~   a  c<'ntaj,'e  of  oxyfjen   and  Iivdrot;;en  than 

^I'tt    -uh-lance    called    hitnnien,    whicli  .mtliracile.      When    -oft   coal    ,s   heated 


'^[liral  -I.itf  pi.  IxiTs  (hi 
w  -rL  Ml  iiLiin  |„,v ,.  {-,,,,] 
..inl  r.i.  k  -l.irt  Ic.i;.  Ill,  r  .ii 
III!  pip  in  ilic  Mtiiill  iniur 
-|iir.il.  riu-  ioal  Ijiiiii; 
liuliler  ^.liilc-  fa-dr.  :iiicl  in 
;;iiin.;  .inHiiul  I- .  arriiil  um  r 
111,'  olL;r  inl.i  ilu-  .mill 
-pir.il.  uliili-  ilii  r.ii  k  lun 
liiuu--  ill  the  tji'i I'im. 


HOW    A   COAL    mini;    LOOKS    INSIDI 


Shaft  Kate.  One  i>f  the 
Iwti  i,t>:i'>  i"  I'll"  >!'alt  ti.is 
jii~i  liMuKht  Ihi'  men  \>'  the 
Miri;i.  f.  ihi-  (iIIkt  i-  at  llif 
lii.iiiitn.  Safity  t;alr  ri>i 
inn  on  Ittp  (it    I  am*  (umth 

Inp  <il    ^h.lll     wlk'Il    t  Ali\J    is 

tlown.  a>  bhuwD  at  riKhU 


>ntii>n  -linwiiiK  Aiithr.ic  ile 
Si'ani-.  Coal  i-.  >lumii  lilai k : 
riH  k  ami  din  linlilrr  ;  >liai't 
liii!iu-l~  ami  wiirkin;;s  wliiii'. 
l;)|HT  pari  of  "  Manim.iili  " 
-r.iin  i*-  -iri|>|Hil  ami  qiiar 
ricil. 


I-isi'i 


Tcvas      Loaded  mini-  car-   ri:id>    t"  H"  to   ^iirfaic- 


COM. 


L'liilir.  iilliriK  ttilli 
[liik.  I  111  mail  lyinn 
'in  hi-  >i(lr  luN  iiiicirr 
lluiipal.  A  liuhl  ih.irj(r 
'if  iH.W'lir  r\|il'«lii|  ill  ;i 
ilrill  li.ili-  iiiMf  il.i-  riruf 
liriMk-  I  111'  .  .Ill  down  in 
I  iriir  picii-1. 


I      i 


hli 


III  a  closed  ves^Sf!  or  rctdrt.  tlu'  Iiyilfi- 
jjLii  and  ON\-en.  in  i-oniliiiiati.n  wit'i 
-iiiik-  larlinii.  art-  iliivcn  nlT. 

Soft  coal  i'^  black,  ami  upon  smootii 
Miri.aci-.  it  is.i;lii~-\  li  !.„-k,  il^^  l,l„i,;, 
hi>tiT  sometimes  seen  in  liard  cwal  and 
is  nuicli  softer  and  more  easilv  iiniken. 
\\  lien  hanilleii  it  l.lackcns  tlie  h:nvU 
iii"re  than  !iard  oal  dues.  In  tlii-  kind 
lit  C'mI  are  fiei|neiitly  seen  the  outlines 
111  leaves  and  stems  of  plant-  that  en- 


ter into  it-  liirmation.  Occa-innalK . 
Irnnk-  of  trees  with  roots  extending: 
']"\\t\  into  the  clay  below  llie  hed  'if 
coal  have  been  found. 

Soft  coal  has  a  sjiecilic  i;ravit\  of 
1.27.  It  burn-  witii  a  yellow  lianie 
which  is  larsjer  tliaii  the  llanu'  fn.in 
har.l  coal,  but  it  doe-  not  emit  >n  hij^U 
a  decree  of  heat,  fombnstion,  ffeii- 
erally  imperfect,  -ives  rise  tn  .itTeii-ive 
i;,i-e>^  .iiul  to  black  -moke  that  concm- 


I  niliniilliiii;  in  s<'ani. 
.\  "inipri-— I'll  ;iir  ilrivrn 
nun  hiiu-  uiii|ir«  \it-  iIiv|ht 
.mil  fa.-.'ir  llian  llu-  man 
^^illl  a  pit  K. 
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w.iu^  HI  i'mi  .lir  .iinl  i'.iK>  ti>  till'  jjioiiiid 
as  soot,  wliicli  lilai-ki-ns  ImiMiii:;-;,  ami, 
ill  winter,  noticialily  discolors  tin.- 
snow. 

riu-  fiinnatinn  of  iiijtiitc  lia-  la-en 
iih-crveil  in  tlie  timlurs  of  -onie  oM 
mini-*  in  i-'.nri>i)e.  In  some  of  tliese 
mines  \\.>. ((ii'ti  ]iillar>  liave  been  snp- 
piirtin;:  tlte  r(K-ks  alwve  f>>r  four  luni 
dreil  years  or  !i>ni;er.  and  in  that  ti'iie 
t!)e  pressnre  nf  tlie  nn-ks  and  otlier  in- 
tinenee-  actinjj  ni>on  tlie  w.  pod  of  the 
I'iliars  have  cansed  it  to  hccome  trans- 
formed ini  >  a  hrown  suli-tance  re- 
>ejnhlin,ir  liirnite.  This  fact  tends  to 
e(>ntir:ii  the  theory  f>f  coal  formation 
-taied  at  the  lii-;:imn"n(i  of  this  article. 
'I'he  iirojiortion  of  c.arhon  in  lignite  is 
never  alu'Ve  "•>  jier  cent.,  and  the  :i-h 
indicates  the  presence  of  coiisiderahle 
e.irthy  matter.  It  is  chielly  nsed  in 
those  forms  of  maimfactnre  where  a 
hot  tire  is  not  rei|nired.  In  Ijimiic  it 
i-  ii-ed.  to  -ome  extent,  in  heating,'  the 
' •■  "ise<  of  the  jioorer  dassfs. 

I'eat  is  reu'arded  as  tiie  latest  of  the 

..,il  f'lrmatiuns.      In  it.  the  chan^'e  in 

tilt    vegetable  mitter  lias  not  extended 

heyoiiil  merely  cnveriin;  it.  .mil  -iihject- 

in,'  it  to  sliijht  jiressnre. 

I'eat  is  formed  in  m;irsh\  '>>\\-  where 
there  i-  a  cunsiderahle  j.jri>\\th  oi 
].l;ims  that  are  const.'intly  mulerLinin.; 
parti. il  decay  and  hecominp  covered  hy 
water.  It  cnn-ists  of  the  r^ots  anil 
stems  iif  the  plants  ni;itted  to{;ether  and 
min;.ded  with  s,,n,e  earthy  material 
When  freshly  dtifT  ont  of  the  ]x<ii  or 
marsh  in  uhich  it  w;is  formed  there 
i-  .ilw.ivs  ;i  (|nantity  of  water  in  it.  the 
.•mumnt  heini;  greatest  in  the  i>e;it 
fiinnd  nearest  the  snrface  and  leist  in 
that  at  the  Ixittom  of  the  bed.  where  the 
peat  is  not  very  ditTercnt  in  ,ippe:i ranee 
from  liu'nite. 

Teat  is  nscd  for  fuel  where  wmid  i- 
srarce  and  coal  is  hi'.,di  in  ])rice.  Re- 
cent experiments  in  satnr.atin','  pe.it 
with  petrolenm,  have  shown  tliat  in  this 
way  a  ftirm  of  fnel  mav  be  iimdnced 
for  which  consider.ihlc  v;ih;e  is  claimed. 
Its  mannfacHn-e  is  conlimd  to  Southern 
Knssia.  uhere  i)eat  is  plenlifiil  and 
petrolenm  is  cheai>. 


Why  Does  Firedamp  Exjilodf  m  i  S.ifrtv 
Lamp  Without  ProiliiciiiK  iiu  Explo- 
sion of  the  Gas  With  Which  the 
Lamp  Is  Surrounded  ' 

The  pas>in.;  of  tlie  ilame  from  the 
lamp  to  the  <>ntside  .lir  is  jireveiited  li> 
the  «:aii/e.  This  sjilits  the  l>nrnin;,'  i;as 
into  little  streamlets  1 7S4  to  (.-.ic'i 
si|ti,ire  inch  cif  gaii/e  i.  which  are  cooled 
below  the  ]>oint  of  i;;nition,  th.at  i-,  are 
extin^jnished  by  comiiv.^'  in  contact  wit'i 
the  met.al  of  the  jjauze.  su  that  the 
llame  docs  not  p.ass  outside  the  lamp. 
In  some  cases  the  explosion  may  he 
so  i;re  it  as  to  force  the  tlame  thron>;h 
tlie  ;,Mn/'e  and  thus  ignite  the  i,'as  out 
side. 

Are  There  Aiiv  Coiiditiniis  Under  Which 
it  Would  Not  Be  Safe  to  Use  a  Safety 
Lamp  ? 

The  nndergroniid  coii'litinns  ;itTect- 
ini,'  the  s.ifdy  ni  the  l.imp  are  exposure 
in  air-cnrrents  of  hi.;h  velocity  by  rea- 
son of  which  the  tlame  m.iy  be  blown 
thronirh  or  aL,'ainst  the  i,' ui/e.  or  ex 
posnre  for  too  j;re,it  a  ti'iie  to  mixinres 
of  air  ,ind  -.^as  which  will  burn  witliin 
the  l.amp  :inil  thus  heat  the  i^auze.  T'  e 
•  l.intreriiiis  velocity  of  air-cnrrents  he 
i;ins  at  abotu  .^00  feet  a  mimite,  hut 
v.iries  with  the  t>pe  of  lam]),  some 
heinj,'  much  less  sensitive  to  air-cur- 
rents of  hi-h  velocity  thin  others. 
(  )thcr  ci'uditions  under  which  the  l.imp 
i~  not  -.ife  concern  the  lamp  itself  or 
the  one  usins,'  it.  The  I;im|i  is  dan- 
ilcrous  in  the  li.mds  of  inexperienced 
persi.ii,  (,r  when  the  g.-iUT'e  is  dirt\  or 
hn«ken.  If  the  ijanze  is  dirt\.  that 
jiortion  absorbs  the  heat  and  may  he- 
come  hot  enou'.;h  to  iLTiiite  the  outside 
;,'as:  natnrally  any  holes  in  the  i,'^auze 
will  pass  the  tlime. 

The  s;itVty  lamj)  when  left  t"o  long 
in  air  containing  :unch  explosive  gas 
m;iv  ciuse  an  explosion,  and  it  is  ex 
tingnished  hv  cert.iin  imbreath.ahle 
gases.  The  electric  lam])  burns  safely 
rcganlles^  nf  fh.e  :ilmMs;nhere.  hut  i^ives 
no  w.arniug  of  pni-^  nous  nr  exjilosive 
g.asc-.  It  i-  iiftiii  iiM'd  1)\-  rescue  men 
\vr:iring  owgcu  lul'tHts  t')  eutiT  mines 
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1  lie  safety  lamp  i>  dan^croi-s  when 
iluTe  !•*  a  hole  in  the  «:nii7e  that  will 
Iieniiit  till  passaire  uf  tlamc  i<.  the  out 
side,  or  when  tlte  (jiii/e  i>  ilirt\,  ^i.  tliat 
any  jiii'iini'ir  spot  may  l)e  merheateil. 
"  when  the  veloeify  of  the  air  is  so 
nri.it  that  the  ihrne  i«  hlnwu  through 
the  iran/e,  or  (generally)  when  in  th-- 
liands  lit  an  inexperienced  person. 
The  nnlKinneted  Davy  lamp  is  not  safe 
uliere  tli--  velocity  of  the  air  exceeds 
.'(V)  flit  per  minnte.  The  vilocitv 
with  which  the  air  strikes  a  lamp  cai-- 
ried  a^iaitist  it  is  increased  hy  the 
amotmt  eipial  to  the  rate  at  which  the 
tirelxiss  travels.  If  he  walk,  at  the 
rate  of,  say,  4  miU<  an  hour  or  .?5J 
feet  a  minute  (  on  the  ganj^'ways  he  will 
nsnall\  h.ive  to  move  faster  than  this 
to  make  his  ronmls  on  time)  he  will 
create  h\  his  f)Wii  motion  (and  in  stil! 
air  I  ,1  velocity  practically  the  same  as 
that  at  which  the  iinlionnctcd  Davy  is 
considered  misafe. 


llii-  -u.  i_v  |.,ni|.  I  i„.  -11, .,1  inm  l"innct  or 
oivirin*;  of  the  iipiicr  jiiirt  pr(il<i  ts  tin  Raiize 
ttitliin  from  sironK  ,  iirriiils  i.l  air.  while-  iht- 
Ulass  (K-rniiis  Ihr  liclil  to  !„•  clilTiis.il.  Th.- 
aljove  is  a  m'«liTn  '.ini|)  simil.ir  lo  a  Ixmiiftii.l 
(lanny  lamp. 

History  o.  the  Safety  Lamp 

I  lie  sakiy  ':mip.  tlic  miner's  faithful 
•iikI  iiMhs])(.iis:ii)ic  companion  at  his  ilan 
.^rerous  work,  has  been,  heretofore,  cui- 
-idcrcd  as  the  in\.  lUion  of  the  friK.ns 
I'liLilish     siiciiiist.      Ihimplircv      Mivv. 


thoiij;!]  thi.'  ii.ime  ui  (,coi;;i  .'^tep.ien- 
son,  ..f  locomotive  fame,  has  also  hecii 
mentioned  in  tlijs  c  im>  ciion.  liotli 
came  ont  with  their  invention*  alKJUt 
the  -.iiiH    time,  lint   neillur  of  them  is 


Oprn  III'  I. imp  ii>mm<>[il\   mini  nn  hat.    Wiik 
is  invrrlod  in  simut. 

the  real  inventor  of  the  safety  lamp  :  for 
there  was.  ;is  |iroven  liy  W'ilhelm  N'ie- 
nian,  a  .safety  lamp  in  e.\istence  two 
vears  hefore  JMvy's  inventi.in  hecamc 
'  iiown.  It  was  not  inferior  to  the 
latter,  hnt  rat!  cr  siir|)asse<l  it  in  ilhi- 
ininatin,'  ]iower.  I'revioiis  to  this,  a!l 
t!ie  ]irecantion  emjiloyed  for  the  pre 
vention  of  the  threatem'n^  danirers  of 
firedamp  had  heen  fpiite  incomplete. 
<  -ne  tried  to  thoronijhly  ventilate  the 
mines  hy  fastening:  a  InirninL'  torch  to 
a  larjje  p"Ie.  which  was  puslud  ahead 
ami  exploded  the  jjascs.  Thi-  was  ex- 
tremely (lans;eroii<  work  which,  in  the 
Middle  .\s;cs,  was  (generally  done  hy  a 
criminal,  in  order  tliat  he  iiiii,'ht  atone 
for  his  crimes,  or  hy  a  penitent  for  the 
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-iih-titne  for  the  opiii  licrl,t  phosphorc-- 
icnt  siihst  iiices,  encased  in  s^liss,  was 
not  much  of  a  success.  .Vn  imjirove- 
rncnt  was  the  so-calleil  >;teel  mill,  in- 
\int((l  .ilvout  \T5<)  hy  ("arhlc  S|icddinc. 
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iiMiia^iT  111  .1  iiiiiii'  Ihi^  sliil  iiiill 
ii.ii«t-li-il  111  it  -ti'vl  wluv!  xvhii'h  wa« 
|iiil  into  rapitj  inutioii  li>  iiican>  of  .1 
i-raiik,  i!v  pro-ins;  a  liri^toiu-  a;;ain*! 
liu'  fi-t  rfVoKiiii;  wluvl.  an  inci'<-ani 
>li(nvcr  of  spark-,  ua^  |ir.«(liK-fil  Kivin- 
,1  lairK  i;ii.m1  ainl  ali-ulniily  >al\-  it 
'  iMiiiiation,  llowcvfr.  the  ninninu  c\- 
;,  ii'i''  "f  lii>  api>aralii>.  «liicli  ncas- 
-iialuil  till"  ciiiuintial  ^iTvii-f>  nf  inu- 
iMii.  wiri'  vtT\  lii.:'! ;  tor  in»taiu-i',  tin- 
I  NpviKlitnrt'    fur   l!i;!u    in    ,1    loal   iniiit 


'^ 
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KUCTRll    I.  \V  I  \MI'    \M>  lUrTtRY. 

Th<  sal'ity  lamp  when  left  U«>  li-nx  in  ail 
ronlniiiinK  nimh  r\|i|ii-iivc  (las  may  lau-i-  an 
<x|ilii-iiin.  ami  it  is  iNlinnuishcil  l)V  irrlaiii  iin- 
'-.ilhahlc  iraH's.  Ihc  rliilri<  lamp  tiiirn> 
Nifily  ri-Kanllt-ss  iif  tlii-  atnii>:-phrri\  l>iit  civrs  n<> 
wariiini:  01  |><)i-i>t»>u>  or  i\plii>lv<-  gax-^.  It  i-v 
<i(tin  iivil  Ky  ri -i  iir  nun  wearing  (nyirin  hi  1 
mt'ts  111  rnltr  niiiH>  lull  ul  [Hji-nnmis  ga^  -  iter 
cxpl'i'-iiins. 

lu-ar  Xcuia-iK-  in  ilio  yt'ir  IKl'i 
ainninitfd  ti>  aliout  $J(I<)  jn-r  wci-k 
\tvi-rt!!t'!p--.  i!h'  -tec!  mil!  was  vtrv 
niuili  ap)irtciaii-il  ai..i  in  itsi"  fur  a 
Ion;:  lime,  only  to  !>e  s]o\v!y  •.ui>i>lantc'l 
l)y  tlif  >afcty  iami 

\t    iIk-   iR-iiiniii-      :"   t!ir    nuKticiitli 


iiiiinry    tin.'   ixisim;;   coai    niiiu>   ucri- 
workid   111  t!ii'  limit  and   tli'-  i-ata-trn 
pliii>.  riii>t'il  li>   liri-tlam)),  iiuri-aM-d  in 
111  alarming  maiiiuT.     In   fait  llii-  dis- 
iu--»  was  SI)  ;;rt'at  tliat  in  ISIJ  a  sm-iity 
|..r    iIk-    |)ri'voiitii)n    of    iniiu-   disaster^ 
«as    formi'il    at    Sutlii-rlaiitl.    ami    tlu- 
origin  of  tlic  safety  lamp  i-an  U-  trariil 
iKuk   ;i'  tlie  etTorts  and  lalmrs  of  tlii- 
or:;ani/alion         Dr.      William      R  e  i  d 
(liiniy.   a   retired   -liip's   siirKoon.   was 
linilialily  tlie  lir-t  to  nmlertake  tlie  task 
I  in  tile   \eai    ISllSi.   wliicli  he  silfces-- 
fnllx    fiiii-lml    witli    energy    and    skill. 
lie  i-onceiit rated  iiis  efforts  at  tir-t  on 
the  reparation  of  the  llames   fru'ii  the 
siirroimdiiiv;'  atmosphere,  hut  he  did  not 
-uei-eed    till    the    latter    part    of    ISlJ, 
when     he     conslrm-ted     a     lamp     tli.it 
■.ccnud  to  meet  all  rei|iiireineiils.      I'lic 
report  of  this  invention  was  snhmitted 
to  the  Royal  Soeiety  of   London.   May 
JO,  ISl.V  and  was  printed  in  tlie  min- 
utes ,,f  tliat   academy.      The  casing  of 
thi-  oritrin.il  safety  lamj)  was  closed  at 
tlie  toji  ;iiid  Imltom  h\    two  open  water 
Ilk-;  the  air  ua-  pumped  in  hy  means 
.1  hellows  and.  pa-sinir  in  .iml  unt.  had 
to    Ko    tlironijh    lioth    these    re-ev"ii- 
«!ii.li    aeted    as    valves,    so    to    spe.ik. 
Hie  lanij)  jiroved  to  he  .ih-ohitely  safe 
.iiiil  was  -ncces-fiilly  iiitrmhu-eii  hy  the 
manayenient    of    1  lerriii^'ton    Mill    pit 
mine.     Tlie  clumsy  parts  of  this  .ipjia- 
ratiis  were  eliminated  hy  its  inventor  hy 
varimi-    improvements.     The    so-c.illed 
-te.im    safetv   lamj)   was    completed    in 
Deceniher.    \X]?.  and   installed   in   sev- 
er.il    iiTine.-.      In    the    me.inwhile.    two 
competitor';     m:ide     their     appearance. 
<  ieor;,'e     Stephen-on    had    finislud    hi- 
lamp  <  K-toher  21.  ISl'.  and  D.ivy  piih- 
li-!ied   liis   tir-t  experiments    N'nvemher 
'•,    1S1.=;,    in    the    Tran-actions    of    tlie 
l^■val    Society   of    London.        (l.-imi)'- 
l.imp,    nevertheless,    stood    tlie    test    in 
the  face  of  this  rnmiietition.  throngh  its 
much  superior  ilhiminatin.;  jiower,  ;ind 
more  jiarticnl.irly  as  it  -till  continued  to 
hum    wlieh   the   Davy  anil    Stci)!ien-on 
lamp-  liad  -one  out.     To  (  lanny.  there- 
fore, helon',;-  the  di-tiiictii .n.  in  tlic  hi-- 
tiT\  of  invention,  of  li;iv!ii>:  c  'n-lni.  ted 
the  fir-t  reliahle  <rifetv  lamp. 
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What  U  H  Metal  f 

I  lu-  (ilili->.t  kiKuvii  metals  in  the 
v'lirld  arc  unUl  ami  silver,  ei»|)|ier.  iron, 
t;ii  anil  liad.  Tluy  are  to-day  still  the 
inoNt  useful  and  widely-useil  metals. 
Slime  of  the  pruperties  l»v  which  wc 
divtinnuish  metal>  are  the  followinjj; 
i  he\  are  solid  and  not  tran-iparenl ; 
lliey  havi-  luster  .ind  are  heavy.  .\ler- 
ei-ry  is  an  eMeption  to  the  rule;  it  is 
.,  Iii|uid.  thuii;;h  yet  a  metal,  and  there 
i-  another,  solium,  whiih  is  .solid. 
Ihouk'h  very  liijlit. 

What    Is   ihf    Most    Valiiahlf   Metal' 

It  villi  were  jiuessinj;  yon  wnuld  ii.it- 
I'lally  s.iy  that  ),'old  is.  of  eoiirse,  the 
n.ost  vaiualil.'  of  the  metals.  Hut 
you  would  he  \vniii>;.  The  proper 
.'iiiswer  to  this  i>  iron.  We  do  not 
mean  ilie  |iiiiiiid  for  poiitid  v.diie. 
for  yon  coulil  ^jet  niiuh  more  for  a 
pound  of  jjolil  th.in  for  a  jioutid  of  iron. 
\\'e  mean  in  usifnt  value  -iron  is  in 
that  sense  the  niovt  valualile  metal 
known  to  nian.  liiis  is  true  hecausc 
iron  is  of  such  jjreat  service  to  man 
m  so  many  ways,  and  it  is  very  for- 
iiinate  that  tlu-n-  is  such  a  ),'reat 
amount  of  it  .ivailaiile  for  man's  pur- 
pn^f^.  Iron  i^  not  j;»-"'"'''ally  found  in 
.'I  pure  state  in  the  miius.     it  is  ).;ener- 

■  dl>     found    compounded    with    carbon 

■  tHJ    other    suhsiances.    and    we   ohtaiii 
p. ire  iron  hy  l.urnin.t,'  these  other  snli- 

i.inces   out   of   the   coinpound 

Iron  is  put  upon  the  market  in  tiuec 
I  "nils,  which  ditVer  very  much  in  tiieir 
iToperties.  I-irst.  there  is  cast-iron, 
lion  in  this  form  is  hard,  e.isily  finilpK- 
and  ijuite  hrittle,  .is  you  will  know  if 
\ou  ever  hroke  a  lid  on  the  kitchen 
ranj^'e.  In  the  form  of  cisl-iron  ii 
tannot  he  forijed  or  welded. 

Next  comes  w roui,'ht-iroii.  which  i,> 
ijuile  soft,  cm  he  h.inmiered  out  flat  or 
il'-.iwn  out  in  tile  form  of  a  wire  ami 
c:.n  Ire  weMecj.  iuit  fii^iMe  ntiK  ,it  ,i 
I';l;1i  liiiiper.itnrc.  'riiird  roiiie^  -tcil, 
tllr  nio-t  uoiiilerfnl  lllitlL'  we  pruiln.c 
\'.itli  """II  It  is  also  mailcalile.  \vhich 
iMaiis  lint   it   i~  cajiahle  of  lieiiiK  ham- 
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int  llat  ;md  can  e;isilv  he  welcied. 
thi-^   is  the  ),'reat  pnipert\-  of  steel 


It    .tcijUircs    when    tempered    ,i    M-ry 
h.^h    degree    of    hardness,    so    that    a 
sharp  eil(,'e  can  he  put  on  it,  and  when 
m  that  sli.ipe  it  will  easily  cut  wrought 
iron.      Ordinarily    we    inake    wrought 
iron  and  -leel  from  iron  that  has  hem 
changed  from  its  oritjiual  st.ite  to  ea>i 
iron. 

I  he  term  east-iron  is  geiienilly  yiven 
l<-  iron  which  has  heen  melted  and  ciM 
ill  any  f<irni  ilesired  for  use,  .s;tove- 
are  ni.ide  in  this  way.  The  iron  is 
nulted  and  then  poured  into  a  mold, 
wliiie  the  product  out  of  which 
wron(,'lit-iron  and  steel  are  made  is 
technic.illy  ca^t-iron.  the  term  pi),'-iron 
i^  Used  in  speakin;;  of  iron  which  is 
cast  for  this  |iur)Hise. 

rile  priH-ess  |,y  which  ]iii;-iron  is 
cliaiij,'ed  into  wn>U)i;ht-iron  is  e.illed 
tiiiUhiui.  The  ol.ject  of  puddlniH, 
which  is  done  in  what  is  e.illed  a  re- 
verhratory  furn.ice  (which  is  a  furnace 
that  reflects  or  drives  hack  the  tlame 
<  r  heat  /  is  to  remove  the  carhon  which 
is  in  the  pi};-iron.  This  i>  done  partlv 
hy  the  action  of  ,|ie  oxygen  of  the  air 
at  hinh  temperature  and  partly  hy  the 
action  of  the  cinder  formed  hy  the 
hurninf,'  furnace.  W  hen  this  h.is  been 
done  the  iron  is  ma<le  into  halls  of  a 
.'ize  coiivenieiit  for  hamllinj,'.  Fliese 
are  '"shinijled"  hy  s(|ueezint;  or  ham- 
mering and  i>as>ed  hetween  rolN  hy 
which  the  iron  is  m.ide  to  .•i--unie  .mv 
di  sired   form. 

.\ow  we  come  to  steel,  the  most 
wonderful  |iro(lnct  or  form  in  which 
we  take  advantage  of  the  value  of  iron, 
.^teel  was  formerly  made  from 
v.roughtiron.  so  th.it'vou  lir-t  had  to 
get  cast-iron,  from  which  you  made 
wrought-iron.  and  eventuallv  got  steel 
I.y  changing  the  wrought-iron.  Xow 
we  make  steel  direct  from  pis:  n"n. 
This  is  known  as  the  Bessemer  process. 
The  most  notice.ihle  feature  in  the 
chemical  composition  of  the  <litVerent 
i;rades  of  iron  ;ind  steel  is  found  in  the 
1  ercent.iges  of  carhon  they  ciTiii.-iin. 
I  ig-iron  c-oti.tains  the  most  e.irhon  •  -tec! 
tlic  next  l"\\r-t,  ,nid  wninu'ht  imn  tlio 
least. 

Iron   has   In'cn   known   to   men    from 
earlv  hi--toricaI  times.    Tiu 
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iron  (iri's  i~  ti"l  .iiiv  iihlu.ilii'ii  Ml  ,1.1- 
v;mci'(l  civiliz;itinii  litlur.  Savajjo 
IiIIk's  in  many  jiart^  nl'  tlu-  worM  |>rai-- 
t'li-.l  till-  arl  of  -.iiultiiif;.  I'vi-n  bclnre 
lliiy  iiml.l  havi-  Kariuil  it  fr.mi  i)in].lc 
wllii    liail    lierniiK-   oi\  ili/t''l. 

Why   U  G"ia   Called    Pu'dous? 

I  ,..M  1-  >,iIK-il  "lu-  n!  tin-  |iririi(Us 
iiiital-  JHiaii^i-  1)1  its  l)i-aiitil"nl  vnlcir. 
i>  Ill^liT.  11. .1  tlu'  fact  th.it  it  "inos  not 
ri-st  or  tarnish  wlii-n  i-\i»im'i1  to  tlir 
atr.  It  i>  ilu'  most  .lin-tiK-  (can  lu- 
>trc'tclicil  nut  into  the  tliinncst  wirci. 
and  is  aKn  tlu-  ni.  •  ni.ilUalilc  (can  In- 
l^aninuTid  out  into  ilu-  tliiniu'st  sheet  I. 
It  can  he  hannncrcl  into  leave-  so  thin 
tliat  lijjlil  will  1';  --  ihrnuuh  tluin.  I'ure 
i;ol(l  is  -<i  soft  liial  it  cannot  he  iise.l 
in  tliat  form  in  ni.ikiiiL;  sol.l  coins  or 
1.1  inakini,'  jewelry.  <  Uher  siihstatices. 
i,enerally  vojiiier.  are  ailde.l  to  it  to 
ni.ike  tile  .t;"Iil  coins  ami  jewelr\  hanl. 
Sometimes  silver  is  also  a.lileil  to  the 
:,'olil  with  coj.per.  'Ihe  jjolit  coins  of 
the  Initeil  Stales  are  made  of  nine 
|.;;rts  of  uol.l  to  one  of  copper.  1  he 
voins  o:'  IVaiice  are  the  s;:me.  while 
the  coin-  of  l-.n-land  are  made  of 
lUven  p.irt-  of  yol.l  to  one  nt  copper. 
The  i:olil  ii-e.I  f..r  jewel-  an.l  watch- 
cj'se-  \arii-  from  eiuht  or  nine  to 
e:s.;hti'en   carat-   tine. 

.\notlier  rea-on  wh\  U"'''  '"■  called 
a  precion-  metal  '-  that  it  i-  very  "lif- 
licnlt  to  .!i--olve  it.  None  of  tne  acids 
aione  will  .|i— olve  s;old.  and  only  two 
of  them  when  mixed  tosiethe-  will  do 
-o.  Tlie-e  are  nitric  acid  and  hydro- 
ihloric  acid.  When  the-e  twn  acids 
are  inixe.l  ami  yoM  ]>iit  int'>  the  inix- 
ti:re  the  u'oM  will  ili-.ii.peif 

What  Do  We  Mean  By  18-Caiat  Fine; 

W ,  often  hear  people  in  -peakin.i; 
of  their  watches  -ay.  "It  i-  an  i.'<-iaraf 
case."  <  Ithers  -(leak  of  i  4  carat 
va.ches  or  Jj-,;irat  or  -olid-^'old  rinys. 

When  yon  -ee  the  mark-  on  a 
v.;.tch-case  or  the  in-ide  of  a  jiold  rim; 
tl-.ev  read  lS  K  or  1.4  K.  or  whatever 
mimher  nl  varats  the  maker  wi-hes  to 
in<licate.  A  piece  of  j^'old  jewelrv 
marked    iS  K  or   18  carats  means  that 


ii  ..  ihui  1. mill-  I'Uii'  ,l;i>1.1.  In  ar- 
ra'ij,'in,i;  this  hasis  of  markiii','  thin;^|s 
made  of  yold.  ahsohitely  pure  ^olil  is 
c:  lied  .'4  carats.  Then  if  twn.  six  or 
tell  twenty  fourth-  of  alloy  ha-  heeii 
a.lded.  the  amount  of  the  alloy  i>  iK- 
•  Inctol  from  twentv-four.  and  the  ri-- 
-ult  is  either  .'-•,  1.^  or  1  »  carat-  line, 
arid  -o  on  1  >n  or.liuary  article-  made 
1  v  jeweler-  llie  amount  of  pure  yoM 
u-ed  is  -eldoni  over  1.'^  carat-,  or 
ihree-fonrlii-.  Wedilini:s  riiiirs  (and 
the-e  aie  consiclere.l  solid  ^'old  I  are 
Lii.  rally  ni.ide  -'-'  carats  tine,  th.it  is. 
tl.ere  are  onlv  two  tui  nly-fonrlh  parl- 
I  f   :dl<    •   in  thi-ni, 

V/hy  Doef  Silver  Tarnish? 

.-■iher  i-  ,1  rem.irkahlv  uhile  inet.d. 
uhich  is  associated  with  t;olil  a-  one  of 
!i!e  preciou-  niet.il-.  It  is  harder  than 
^.-olil'.iml  will  not  rust,  alihou.udi  it  will 
t.irnish.  w  hiili  yold  will  not.  when  ex- 
po-ei|  to  certain   kind-  of  air. 

The  -ilver  tarni-lie-  when  it  i-  ex 
posed  to  any  kind  of  air  t'-..il  ha-  -nl 
1  luir  niixeil  in  it.  It  r.inks  hdow  uoM 
a-  a  preciou-  netal  for  Use  in  m.ikinj; 
ornaments  and  is  not  -o  co-tly.  he- 
cause  there  i-  a  lif*""  ''>■•''  """■>'  "'  '• 
In  he    found   in  the   wiirhl. 

While  -iUir  i-  -oniewhat  har.hi 
th.in  uohl.  it  i-  -till  not  sut'!ic;entl\ 
har.l  to  u-e  pure  for  ni.ikin.!,'  coins,  so. 
as  in  the  ca-e  of  the  tjold  coins,  it  is 
mixed  with  -onu'thins;  el-e — copper- 
to  harden  it.  <  )therwi-e  our  dime-  ami 
ruarters  would  wear  out  too  r.apidly 
(  )ur  silver  coins  are  ma.le  if  nine  part- 
i.f  siKer  to  one  of  c.ip]>er.  I  he  coin* 
of  I'Vance  are  in  the  same  (iroportion. 
while  the  silver  coins  of  I".n<;land  ;ire 
made  of  i)j''j  ])art-  of  silver  to  -' j 
I  arts  ().'  copper.  ( lerman  -il\er  coin- 
nre  made  of  three  ])arts  of  silver  and 
line  of  copper. 

Why    Do     Wf    Use    Copper    TeleKr^M''' 
Wires '. 

<  In.'  of  the  cliar.ici<-r''-tics  which  .h-- 
t!n),'uish"s  co]iper  is  it-  -olor  a  pe- 
culiar ri'd.  It  -lands  next  to  i;old  and 
silver  in  dmlililv  ,111. 1  ni.ilK-.ihiliiy.  and 


^^H^   i  i;a[)  is  so  hkavv 


'  "Hu  >  iiixt  t.  jrciiT  aiiil  ^ttrl  in  tr- 
iMcity—wliicIi  iiio:in-  tin-  ,i1.i1m\  of  lt< 
liity  partioK's  to  ]uuii  mi  to  c;u  li  utlur. 
1  liat  i>  why  c<)].|.(r  win-  luiuls  in- 
-ttail  (it  linakinj;  wln-ii  yoii  twi-t  it, 
lUil  tliat  is  not  tlif  (inly  na-uti,  al- 
ilnm-h  an  iiniinrtant  ]ian  <i|'  tlic  rca 
-'.n.  \\U\    ui-  ii-c  rii|,|.cr   for  t<K-i,'rai.Ii 

uiii-N.      (  njijirr   is    a!i    fxtrciii.K    j^ I 

>  liiirliictur  of  ilc<-iri»il\  uluii  it  is  pure 
>i'  art'  ;;i.li|  ami  si|\,t.  1„||  „<■  .atinut 
athinl  to  Ii.ty  yoM  ;,,i,l  silver  wins  for 
ilic  l<  lii,'ra|p|i.  ttKiiliotic  am!  other 
V.  ires,  ami  if  we  !is.-(l  sneti  wires  tlie 
'  "~'  "I  '111'  iinii|imetil  wiiilM  lie  Ml 
L;reat  that  We  >-miiM  not  at'fur.l  i..  li,i\e 
ti  le|iIioiies  in  ,,nr  li,.inr-.  Tan  ihrre  i- 
a  >;reat  -leal  of  eo|i|>er  in  the  world 
and  it  is  very  eheap.  and  so  it  makes 
an  ideal  element  for  tise  in  thinj;'! 
lliroii),'h  whir, I  eli'etrii-it\  i-  to  jias^ 
'AJK-n  yoii  eompotuid  it  wiih  other  suh 
slatieos  it  loses  som,.  of  ,1-  ,  ondiu 
t  vity.  Copper  is  used  extensivelv  in 
n  aiiv  ways  in  the  world.  This  hook  i  = 
printed,  tor  inM.inee,  from  copper 
electr.itype  plates.  The  whole  hiisiti.'ss 
•  •I  <'K'Otrotypin},'  is  h.ised  ,,n  the  iise  of 
,  ofiier 


Why  Is  Lead  So  Heavy' 

l.iad    Is   .1    white   niet.d    .iiid    is   note.! 

lor  its  softness  ;inil  ditr.ihiliv.  It  ha< 
.1  luster  when  freshly  .iii.  hm  !  eionu< 
dllll_  i|uite  soon  after  \Ur  fir-liK  em 
surface  is  ex|iosed  to  the  ;iir  l.e,id  i< 
ihe  softes.  inei.il  in  jjeiier.il  use.  Ft 
'in  he  cnt  with  an  ordin;ir\  knife  It 
•  i'li  1h    rolled   out   into  ihii,    s|..,-,.t^.  hnt 

•  iiinot  he  dr.awii  out  into  wire. 

1-cad  is  a  very  dense  mel.il.  th,it  is. 
Ms  p.articles  ;ire  \er\  conij^iel  and 
li.eri'  is  no  room  for  ;iir  to  cirenl.cte 
111  hetwfeii  these  particles.  .\  piece  of 
^^<"^(l  is  lii;liter  th,in  a  piece  of  le.id 
>■'  e\;iclly  ei|ii,al  hulk.  l.ei-aiHi  ih.-  liitli 
!■:     ,.cles    which    ni;ike   up    the   piei  e    oi 

■ 1     iri'   not    \iTv  close  tnj;ether,    "-d 

'''i<     's    a    lot    of    .air    in    the    ordin;ir\- 
'  ''<  .■  oi  \\oo,l.  while  this  i\  not  trne  o* 

•!le    Ir.id 

\  urcil  de.d  .Md  is  Used  ill  niak- 

II. t,'   pipes    fo.-    I       , limit,'.       !  his    is    he- 
cause  lead  pipe  is  coniiiarativelv  cheap. 


■dllioii:.;h  \.ai  iiiij,dit  not  lliiiik  so  when 
vou  think  of  the  general  conclusions 
wc  h.ive  heen  hroui^ht  to  form  ahuiit 
plumhers  .111,1  everythiii};  connected 
with  them.  Lead  pipe  i>;  easily  hent 
iTi  ;inv  direction  .also,  .-mrl  is  p.irticul.arly 
!s'""d  lor  Use  in  ]ihiiiihiii;,'  for  that 
re.isoii, 

Niiollicr  wide  Use  of  le.a.l  is  in  iii.ik- 
111^  p.iMii-  white  le.a.l  ht  in-  the  h.i-e 
i;-e.l  ill  iii.ikinjj  oil  paints.  |  h,-  prf,ce.s 
of  iihikin.!,'  white  le.id  for  p.iim  |,  (|iiite 
interestinir  and  pictures  of  u  .in  shown 
"1  "Tl^  Storv  111  ,1  (  .,,1  ,,1  |',i„ii" 
'I  ,,noiher  p.irl  of  ■■'!  he  !;,  „ ,],  of   \\\.n- 

KTs  " 

Why    Are    Cookiiif,'    Utensils    Msde    of 
Tin  .' 

liii  i~  llir  lr.is|  iiiipori.inl  of  the  .-ix 
rselul  iiut.ds  h  i.  ,d„,  inferior  ii, 
many  w.ays  to  the  others  in  ihi>  sjnmp 
ot  cKnieiil-.  hii'  i-  tou,<,'ller  th.in  le.id 
•iii'l  ■■\iil  iii.iKi-  .1  hetier  wire,  thcjuirh 
lot  ,1  re.ilh  j,'oo,l  one.  it  li.as  a  v.hite- 
"i  ss  ,1,1,1  .,  luster  ili;ii  ,ire  not  tarnished 
Iv  ordiu.iry  temjier.iture  .and  is  cheap. 
I  hat  is  why  it  is  used  in  m.akint,'  cook- 
11'^'  utensils.  p;ms.  etc..  ami  for  roofs 
i'nt  tlu  p.a!is.  roofs,  etc..  are  not  pure 
'"1  I  !ir\  .irr  thin  sheet-  of  iron 
co.ated  with  tin.  I'nre  tin  wonM  n,,t 
!'■■  stroni,'  eiiottudi  for  ihes^-  purpoes. 
so  ,a  sliic,  ,,f  jr,,n  ,,  \]y^i  taken  to  si,p- 
I'K  ih.-  Mrein^ili  .111, I  then  covered  with 
liii  ;o  mipro\e  the  .ippi-arance  ..f  i'  e 
tin  p;iiis  and  keep  iheiii  fr.nii  rustin.r 
r.-pidlv 

What  Is  Gravitation? 

'  'I'av  il.ilioii    i.    the    result    of    the    ,-it- 
Iractiii,!    which'    r\rr\    l'o,|\.    i,,,    m.iitj.r 
w  h,it  its  si/e.  h.is   for  e\er\   other  Ii.mK 
it    is   .1    stnimje    foPe    anil    ililticiilt    to 
e\pkiiii    in    pl.iiii    wor.Is        It     i.    wh.il 

l"''l's  the  he.i\elll\  liodles  in  their 
'''lis  ;\er\      one     of     tlk      pl.illets     is 

held  ill  its  path  h\'  ijravitatioii  ,iiid 
I'very  ohiect  on  e.ach  of  the  |)lane|s  i, 
'cpt  on  ihr  pl.iiiet  h\  ■;ravitatioii.  \\c 
cm  cnnie  ne.irer  understandinj,'  ^r.ivi- 
t;itioii  h\  s|nd\ini,'  the  ell'ect  nf  the  .it- 
tr.action  of  i,'ravit.ition  on  o,,r  ,wmi 
e.iTth  and  the  ohiects  on  it.     When  vou 
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throw  a  ball  or  a  stimc  into  tin-  air 
il  is  the  attraction  of  s;raviialion  tliat 
c.-'.uses  it  to  conic  hack.  If  this  were 
not  so  Ihc  ^toiic  woul<l  go  on  n|>  ami 
nj.  an>l  woul'l  Kvi'  on  goiiii;  forever. 
If  it  were  not  for  tin-  wondcrfnl  force 
von  conlil  iinnji  into  the  air  ami  jn>t 
kieji  on  goin.i;  n\>  «i'l'  nothins;  to  hrni}; 
you  hack.  The  rea-on  you  do  mH  ]inll 
the  earth  towanl  you  i-  hecau-e  the 
hodv  or  ma--  with  the  greater  hulk 
has  alwavs  the  greater  jinlling  i><>wer. 

This  i.s  a  wonderful  fi>rce.  It  can- 
not he  prodnce.l  nor  can  it  he  destroye.i 
or  le-.-eued.  It  iust  is.  It  act-  he- 
tweeii  ,dl  I'airs  of  ho.lies.  If  ('ther 
hodie-  CI  .me  hetweeu  any  pair  I't 
bodies  the  attraction  of  gravity  be- 
tween the  two  outside  bodies  is  neitlur 
1< --ened  or  iucreased.  and  yet  each  of 
tl:e  outsi.h'  bodies  will  have  an  inde- 
j.endent  attraclii-u  or  ]iull  on  the  bo.ly 
which   is   in   belween. 

No  particle  of  time  is  spent  by  the 
tran-mi~-inti  n\  the  force  of  gravitv 
from  one  ImmIv  to  another,  no  matter 
how  far  a]iart  they  may  be.  The  only 
effect  that  di-tauc'e  ha-  on  the  attrac- 
tion of  gravitation  i-  to  le-sen  its 
force.  .\in-  body  which  is  being  puUeti 
through  gravitv  toward  another  bo.ly 
vf.uM  fall  toward  the  ceiuer  of  the 
attracting  bo.ly  if  all  the  for.-e  of  at- 
f-Mcii.iu  from  all  other  l)0(lic:>  were 
removed. 


What  Is  Specitic  Gravity! 

.-j.icilic  gravitv  i-  the  ratio  of 
.ight  of  a  given  bulk  of  anv  sub- 
~i.,iue  t.i  that  of  a  itaiidanl  suh-tance 
The  -ub-tances  taken  as  the  standanl 
t..r  -olids  and  li-juids  is  water,  an.l  air 
..r  hvilrogeti  tor  ga-es.  Since  the 
ueighls  of  .litferent  ho.lies  are  in  pro- 
portion to  their  nias-es.  it  follows  that 
the  >pecihc  gravity  of  any  body  is  the 
same  as  its  den-ity,  and  we  now  gen- 
erally n-e  the  ter'm  ".len-ity"  instea.l 
of  sjiccitic  gravity. 

To  tind,  for  instance,  the  -peciiic 
"vavily  of  a  given  bulk  of  silver,  we 
I'lu-t  take  an  e-jual  bulk  of  watei  an<! 
„,.i._di  it       Then   we  abo  w.'iL'h  the  <;i'.- 


\.r.  We  1111.1  ihat  llu  Ml\er  weigh- 
nil  and  a  half  times  a-  much  as  the 
\,.Uer.  and  so  the  s])ecilic  gravitv  of 
-dver  is  10.3.  If  voii  will  bear  in 
inii.l  that  water  is  the  -t.imlar.l  n-e.i 
lor  measuring  the  specitic  gravitv  of 
-oli.ls  and  lic|uids.  and  that  air  or  liy- 
.lrog"n  are  useil  a-  slainlanls  for  tlie 
g;  M-s.  you  will  alvv.iy-  know  what  th.- 
I;gures';\fter  the  wonls  specific  i:r;i\ity 
ii'ean. 


V.Tiv  Do  Wp  See  Stars  When  H-t  On  thf 
Eye  ' 

\\  ,  .1.)  not  really  -ee  ■=tars,  of 
cur-e.  when  we  are  hit  on  the  eve  ..r 
"hen  we  fall  in  -u.li  a  way  a^  to  bump 
the  front  of  our  liea.l-.  What  we  .lo 
see,  or  think  we  -ee,  is  light. 

To  un.ler-taii.l  this  we  must  go  back 
t..  the  explatialion  of  tile  tiv  senses  - 
-ight.  hearing,  feeling,  tasting  ami 
touching.  Xow.  each  of  these  -eiises 
l.-s  a  -pecial  set  of  nerves  through 
uliicli  the  sensation-  received  bv  ei.'h 
(.f  the  senses  is  c.iinniunicate.l  to  the 
brain  and.  a-  a  rule,  these  sjiecial 
iHT'cs  receive  tio  sensations  excepting 
tho-e  which  occur  in  tluir  own  par- 
ticular fieh'  of  usefulness.  The  eye 
then  has  nerves  of  virion:  the  nose, 
nerves  of  smell ;  the  e;ir.  nerves  of 
he.irinc: ;  the  inouth.  lurv  <•-  ot  ta-te.  and 
tlie  rtitire  bo.ly  nerv.s  nl  tou.h.  \s 
\vt  have  seen  then,  these  special  nerves 
are  su-ceplible  of  receiving  iinpres- 
-iotis  or  sensations  otdy  in  their  par- 
ticular field.  I'ut.  if  you  shonl.l  be 
.ilile  to  rousi-  the  nerves  of  smell  in 
;.i;  entirely  artificial  way  and  give  theiil 
1  -eiisation.  they  might  e.i-ily  a.  t  •  cry 
much  as  though  they  smelli'.l  -.  .iiu- 
tliing.  We  t'imi  tlii-  often  in  the  iierve- 
of  touch  '.vhcn  we  t'.iink  we  feel  -onie- 
ihinjj  when  v\i'  do  not. 

Now,  when  sonic  one  hit.-  you  111  the 
eve.  the  nerves  of  vir'on  arc  disturbcl 
in  such  a  way  as  to  proiluce  upon  the 
brain  the  sensation  of  seeing  light  In 
other  words,  vou  cannot  at}ect  the  eye 
nerves  without  causing  the  sensation 
of  light,  and  that  is  iu-t  what  !iai>i.ens 
\.-l,,>ti   some  one  hit-   von   m   ilie   eve 
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The  Story  in  a  Submarine  Boat 


IIow  Can  a  Slup  Sail   Under  Water'  "Iiicli  r.m  In-  =('cn  to-ilav  in  tlio  iiav.il 

|'"ii^  "I   llii-  ii.iiiiiiw  1.1   ili>-  W'lrM. 

p    I"    .1    irw     w.ii-    a-.i    liir    Mnrn-^  \\  i'  nn-lil  li.i\  c  luul  tlie.-e  sul  mi.tniK-s 

\'.r  iMiiM     rll   alidiit   lliv   ^liip-   lli.il    sail  '"'iL;  au:"  lull    :..r  tin.-   fact  -hal   li;r  men 

lu-nc.<''.    tin-    uativ    wrrc    lli.-    rrr.ili.uis  "li"  wcvc  ii-\iiil;  t.i  iiumi   ili.in   wuiM 

"l"  li  ■    iiiiikN  oI'   unlrr-  .)i    lui'i'ii.  like  ""'  >'^''  "P  "i''  ^ciTrt~   uliili  lhc\    li.nl 

tin      aut!i(ir     uf      ■■|'\\inl\       TlKni-an.l  'I1-' <i\  <!  ol.        .\laii\     nnai     in     .liricrnit 

l.iM-iirs    lipirr    ihr    Sra,"    liut    U.-.ii  '   ''''^    "'     ''"'    ^^'"■'''     \^'"1^>'1    <>u     tin- 

ur  .an    n-a.l   ..1    niaiiv   artnal    111...   1..-  I"'"!''''"'    •""I    ^-u-li    'h-anw.-.l    ,„,■•    ,„■ 

nralli   tlir   ual.r  l,x    ,l,r  l„aw    l.ul,   >.h,.  '""7.  "'"■■^^     ^^'l'>'i'     "  ^••■''     valual.lr    n, 

man      ,.n,       Mil.nann,-          W,      ,:,.v,r  ^''"•'^'"Ss' <""  ^'  ;"''>"""•  .""1  "'  tlu'v    lia.l 

.lnanu-,1    ihal    ,1,.   .real   .tnrv  ,.t    -nl.s  •'"  ^' ''''•"  ''''^''■'■-r  an.loompaR.,!  nnt.-s 

^'"^     """V      '■    ";■''''"■'.'■•    "".    '""'•  a    Mil.niarnu.    l„,a,     .In,.,>'    as   goo.l    as 

I^nl      V,  rv     ,lr  inu-tivc     -Inps     ol      war  tlu.so   wc  havr  i,,-,lav 
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HOW    A    SlBMARINi;    IS   SHiMIRdl  I) 


How    Doc^   the    Submaniic    Get    Down 
Under  the  Surface '. 

I  111-  lir-t  issi'iitial  ill  ;i  vt■^^l•l  In  cii- 
.iliK'   It   i)   ii.ivij^ati-  l)i'U)w   till.'   >urf:icf 

<it'    tllc    W.lUr     1-    lll.il     it     la     Ili.l'U'    -lit 

ticii-iitK    >tniiiL;   t(i   u  itli-t.iHil   tiu'   >uv 
ruiiii'liiii;  ]>fi--uri-  cil'   water,  »•.  liK-li  iti- 
in-a-i-   al    llif   rail-  nl    .4.^  <>i   a   |>.nin.l 
idr  lacli    t'lKit   III    suliiiuT^'i-tu-c 

A  hciat  navijjatiiij;  at  a  (lc]>lli  ui  ich) 
feet  \\iiiil<l  tluTel'iirc  ha\e  (,^  |.niiiiil> 
]'ri-  uii  I'cr  -iiiiarc  iiiilt  nt  -uriace, 
iir  (pIm-  iiininil-  fur  ivcrv  >i|iiari'  fmil 
iif  ^iirlai'e.  It  will  reailil)  In-  >een. 
tl'.en-fcirc.  that  tlir  lir-t  (--rmial  1- 
yreat  >treiii,'th.  '1  lureldri',  tlu-  >\]\> 
niarim-  Ixiat-  arc  usually  Imilt  eirvulai 
Ml  rrii--  soi-tion  with  stcd  ])latiii.i;  riv- 
iii.  1  tn  heavy  franiiuf;,  as  that  i>  the 
lir-t  furni  tu  resist  external  ])re>sure. 
I  he-e  hoals  arc  huilt  lor  surface  iiavi- 
iration  as  well,  therefore  tin  \  have  a 
tertaiii  aiiKiimf  <)'"  huciyatu-y  wlien  navi- 
t;.;titifr  "11  the  surface,  the  same  a-  an 
(ir'iinary  surface  ves-el  When  it  i- 
ile-ireil  til  sulinierjie  the  \r--el  this 
liuiisaikv  must  he  ile-trov  i  ij.  -n  that 
the   \i--rl   will  >ink  under  the  -urf.tce 

Now.  the  suhmer^eil  (li-]ilacement  (it 
a  -iihm.ariiie  ves-el  i-  it-  total  v<iluiue. 
ati'l.  theoreticallv.  a  ve-~-el  may  he  put 
in  einnlihrium  with  the  water  which  it 
<li-|ilaces  hv  ;ii!mittiii,i;  water  h;illa-t 
ii'tii  com|iartnient-  coiitaineil  within  the 
hull  iif  the  vessel,  therefnre.  if  a  ves- 
-rl  wlii.-e  total  ili-]il,icement  suhmeriieil 
wa-  i"o  tmi-.  the  vessel  aiul  contents 
nni-t  wciiih  al-ii  iiK)  tons.  If  it  weis^'hed 
uni'  I'uni'e  niiin  lli.in  I'ki  tons  it  would 
■-itik  til  the  hoitiiin.  if  it  weitjhed  one 
niirre  less  than  Kx)  tons  it  would  flon' 
on  the  -urface  with  a  huoyaiicy  of  one 
iiinue  If  It  weighed  exactly  100  tons 
1.  wntM  111-  in  what  suhniarine  desi^'u- 
er-  -]iecif\  a-  lieiiiL;  "in  )ierfect  ei|ui- 
I'lirinm." 

It  i-  iio--ili!e  111  Ljive  a  ves-i'l  .1  -lii^'ht 
lutrative  hnovaiKv  to  cause  her  to  sink 
til.  -a\.  .1  ileiith  of  50  feet  and  then 
luiniii  nut  -ultii'ient  water  to  give  her 
.•I  i.crfcct  ei|uil'hriuni.  and  tlius  cause 
hrr  to  remain  at  a  tixed  depth  wliile  at 
ri  -I  In  practice,  however,  this  is  sel- 
•  '■iiii  dune.     Movt  suhniarine  lioat^  n,i\i 

.r-tii'     iin.t,-*-     ftit*     \v)tt'r     A^-iOl     n     tif»^:itMt' 


ImovaiuA  111  iriir.  .'oo  tn  i.ii«.  [.muuiN 
and  .ire  either  steered  at  the  depth 
di>ired  li\  a  hnn/nntal  riulder  placed 
in  the  -teni  of  tin  \essel.  or  are  hel  f 
to  the  dejilli  hy  hulroplanes.  wliicli 
iiNilroplaiies  correspond  to  the  tins  of  a 
lisli.  They  are  tlat.  plane  surlaccs.  ex- 
tendiiij,'  out  from  either  side  of  ilu 
vessel,  and  when  the  vessel  h.is  he.id- 
u.iy.if  the  forward  ends  of  these  ])laiies 
;ire  inclined  dounna-rd.  the  re^istaiici 
iif  the  water  actin;,'  upon  the  planes 
i '•  sufficient  to  overcome  the  reserve  of 
hiioy.incy  and  holds  the  vessel  to  the 
desired  de|ith.  If  the  vessel's  ]iro|ieller 
is  stop|ieil.  the  iio.it.  havinj;  ]iositive 
hnoyaiuy,  will  cnnie  to  the  surf.ice. 

I'ly  nianipitl.-itini;  either  the  stern  nid 
ders  or  the  hvdropl.iiu--.  the  vessel  mav 
h--  re.idily  cau-ed  to  either  come  nearer 
to  the  surface  or  go  to  a  greater  depth. 
.i--  the  ch.inge  of  angle  will  give  ;i 
greater  or  less  downpnll  1.)  overcome 
tl'.c  reserve  of  humancy. 

1  he  ahove  de-.cri]iiion  .applies  to  n.iv- 
igating  a  vessel  when  hetweeu  the  sur- 
f;ice  of  the  w.iter  ;iiid  the  hottoin. 

.\nother  ty]ie  of  vessel  which  is  u-cd 
for  -e.irciiing  the  hottom  in  locating 
wreck-,  iihtaining  pe.irls.  sponges,  or 
-iullli-h.  i-  provided  with  wheels.  In 
this  t\pe  of  ve-sel  the  hixit  is  given  a 
-light  neg,iti\e  huoyancy.  sufficient  to 
keep  it  on  the  hottom.  ;ind  it  is  then 
prii|ielle(l  over  tlu-  w.iter  lud  on  wheeK. 
the  same  ;is  an  autonmhile  is  propelled 
.ihout  the  streets.  Tlii  .  t>pe  of  ve--el 
i^  al-o  provided  with  .1  ili\er'-  coni- 
p.irtmeiit.  which  is  :i  comp.irtnu-nt  with 
.1  door  opening  outward  from  the  hnt- 
t'liu.  If  the  openilors  in  the  hoat  wish 
to  inspt'ct  the  hottom.  thev  go  into  tlii; 
compartment  and  turn  cniupressed  .lir 
into  the  compartnieni  until  the  air 
pressure  ei|uals  the  w.iter  pres-ure  out- 
-ide  of  the  hoat  :  i.e.,  if  they  were  suli- 
merged  ;il  a  deiith  of  100  feet  thev 
would  introduce  an  .lir  ]  ressure  of  {t, 
pounds  per  sr|tiare  inch  into  the  diving 
idmp.irtment.  The  dour  could  then  he 
olieiied  and  no  water  could  cotue  into 
the  compartment,  as  tlu-  diving  con> 
Iiartnienf  would  he  virtiiallv  a  diving 
hell  I)l\-er'^  e.in  tlu'n  readilv  le.'ive 
till-   hi-ii    li\    imltiii^   (in    .'i    diving    suit 


"vj  on'  i; 
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I'i.vlLclui:. 


I.>    ;l.r       l'IDl-l';U_'.       Mi.bbLl'UH!  .      tuN.N. 


Ihi-  was  ilk-  picMuiT  Siihmarinv  Torpclo  l!,,al  ,ii  tlu  Ii-M-l-kiil  ivih',  and  \va^  l.iiilt 
111  l.'|.|>;t|...ri  III  [•xM-i'Kij.  It  was  >liii>|)cd  to  St.  IVtirslnirK.  Russia.  lUiriii)^  tlic  Kusmaii- 
l.ip.iiKvc  war.  iTum  St.  I'm  r.^l)llr^  it  was  shipped  to  VladivDstok.  Oooo  iiiiks  across 
biin-iia.  sptvial  cars  lii-uig  built   tor  r,.  traiispnit. 


ij 


'U 


l\u-    prinrr    illiiMralc-    tin-    >aiiu-    ^^■^^>l.    aK,,    at    n,ll    -p,.,,i    .....Kr    <■llKilH•^.    «itli    the 

o.niiiUK-t(iH.i-  cutiri'lv   aisash   and   with  tho  siyhtiiii;  li 1   ;iii,|   th.-   (  imniscnpc   :,|,,ik-  abnvc- 

water.      -NutwithstaiidiiiK    the    Umile.l    areas    >sp,i.,,|    .,!.., v.-    the    Mirf.iee,    ^tiIl    ..hservatiMi, 

eoidd    lie   had    well-iimh    e.iminiinnsly    either    thr.aiuh    the    (leai!-1i«hts    in    th.-    Mehtine-h I 

nr  by  means  nt   the  ()imii>enpe 

in   iienher  cndition  is  it  neeessary  lo  have  recourse  t,)  el  ctrical  prMpr,!.i,„i_thc  li>.ats 
can  still  be  safely  and  speedily  driven  as  her.-  shown  under  their  tncines. 


liiJ 


IMl     INSIDi;    Ol     A    SI  HAWklNi: 


.  KNTI  V     I.FI.IVlKKl    Til    TlIK     IMTKH 


i;()M  Its  Ml  \  r. 


1  111    I.iriii  »t.    l\i-ti -I    MiljiiuiriiR-    ill    tin-     riiittil     Slates    aii.l    tlif    mi^-i     |MiHcrliilly    .irincl 
Mibmariiif  turpiiln  l>oat  iii  tin-  wurlil. 

In  adiliti.iii  to  the  usual  fix-d  tnriicd.i  iiiljf<  arraiitjc'.l  in  tlu-  Imw  of  the  vessel,  wliicli 
injiiiie-  llif  \i»s,I  Itrself  to  In  traiiusl.  the  ( >eal  i  "(i-i"  carries  four  torpeilo  tulies  mi 
lit  I  (letk  wliicli  may  he  trauied  while  the  vissel  is  sulinuTKed.  in  the  sanii  niamier  as  a 
dnli  unii  on  a  surface  vessel  .s  trained,  and  thus  lired  to  either  liroadside,  whicli  gives 
many   inimical   advantages. 


lire  ai"'ve  view  Hives  a  peneral  i<iea  ot  the  interior  of  a  Milmiariiif  torpedo  li  at 
:nii|  the  nutlioij  i,f  iiuration  when  rnimiiiK  entirelv  submerged  with  periscope  onlv  alH.ve 
ilie  -iirf.u-e. 

The  •■oinmaiidiliK  ollicer  is  at  the  periscope  in  the  conning  tower  dircLtini;  the  course 
■  f  t!ie  snhniarine  throujth  the  periscnpe,  wliicli  i^  a  tiihe  arranyed  with  lenses  and  prisms 
which  .i;:\es  a  view  of  the  h^iri/on  aiirl  everjthim;  al.i.\e  the  surface  •<<  llie  water,  the 
same  as  if  tin-  observer  in  the  siibm.irnu  was  him-elf  above  water.  The  steersman  is 
shown  just  forward  of  the  CMtnnianiliiig  otficer  iti.J  m  ers  the  vess.l  hy  nnipass  umler 
the  ilire.lhin  'if  ihe  '  ■'mm.iiidinu  iilVior.  the  saine  as  when  navigating  anove  the  surface. 
In  the  l.irgir  t>pe  boats  the  steersman  alsn  has  a  periscope  whieh  enables  liiin  to  see  what 
is  goinj..  on  .di.Ae  the  surface,  lieiow  decks  two  of  the  crew  are  sli.iwn  l.iading  a  torpedo 
into  the  t'^rpedo  tube:  each  torpedo  is  charged  with  gun-cottun  and  will  run  uni'er  its  own 
liower  over  a  mile  and  will  exploile  on  striking  the  enemy.  The  crew  live  in  the  com- 
partment aft  of  the  torpedo  ro..ni.  .\ft  of  this  is  the  engine  room,  in  w'lich  are  located 
powerful  internal  comhustion  engines  for  running  on  the  surface  and  electric  motors 
for  riimung  submerRed.  The  electric  m>)tors  are  driven  bv  storage  batteries  located  under 
the  living  quarters.  Wheels  are  shown  hov.sed  in  the  keel,  which  mav  be  lowered  for 
navigating  on  the  bottom  in  shallow  water.  .X  diving  compartment  in  the  bow  permits 
divers  to  leave  the  vesv,-]  when  on  the  bottom,  to  search  for  and  cut  or  repair  c.ibUs  or 
to  plant   mines. 


Wi' 


A   SII5AV\RINJ:   S\II.IN(i   CLOSH   TO   Till;   SU^IV^I 


-Str  ■:^->«<^- 


!ii 


A  siil'inariiu-  riiiiiiiitL;  |i,irlly  vulnni  tyc  .1  uiili  tlic  i-onnini;  tower  Iintoh  oprii.  vltowiiiir 
llii'  n  iii.irl<;ilp|i-  ■.Icidiiu  ^■,  ul  tlii^.  \\\tv  oi  \io.a  in  a  stiiii->ulpiiiirKi-il  tHiuHii.iii.  a  ilmiy 
no  II  liiT  crait  cutilil  «ai'tly  acconipliiji. 


^^^sJSfts^ 


\i.ilur  ^llllnlarilu•  ninninij;  entirely  submerged,  pcri^rop,.  ,m\v  shnwins.  Tin-  fin.' 
i>  ii,.i.hi'l  in  tiM'  "f  ]UTiM-i.]u'  to  show  her  position  i;i  niaucuvcr;  whf..  Dcriscoue  ij.ic;, 
ciitirilv  UM'lir   u.itir. 


aUu 
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run   IIW.  OP  A   SIBMARINR 


A   I'lluluuRAl'll     tVklN    Willi    11'   .   I'l  ..1-. '.PK    INUKK-Al.   ItNi. 


AN  AH  -s  I  iNCi  r.vi;  ior  tht  sibmarine 


X'ision  iiiiiliT  walir  i-  Imuu-il  to  liut 
a  few  vards  .M  Im-I.  anil  lu-iicc  a  ^uli 
marine  Imat,  ulim  >uliiin.r},'i'(l,  wnuM 
be  a'^  liliinl  as  a  ship  in  a  iIciim'  luj^ 
and  wouM  liavc  to  },'ro])c  its  way  al'ini,' 
),'ni(loiI  only  liy  chart  and  ccim])ass,  wi-ri- 
it  not  lor  a  di-vicc  known  ns  a  ])(.ri- 
scope,  *.liat  roaches  upward  and  ]iro- 
jccts  (»iit  of  the  w;itcr,  cnaMin:,'  the 
steersir.an  to  view  his  surrounchni:-; 
from  tlie  surface.  '  'f  course  the  hei^dit 
of  the  i)eriscopc  limits  tl'.e  dejith  at 
which  the  craft  may  he  safely  sailed. 
Xor  can  the  i>eriscoi)e  tube  he  extended 
ir.delinitely,  because  the  submarine 
mu^t  be  capable  of  diving;  under  a  ve.-,- 
^1  1  \\Iien  occasion  demand^.  iUit  when 
optratin?  ju^t  umlcr  the  surface, where 
it  can  >ee  Without  beint;  seen,  the  craft 


i'  in  fir  j,'reater  daiii;cr  of  cfilliiion  tlian 
vc^-rl>  on  till-  -nrliur.  bn  au-c-  r  iiin~t 
ilrpuhl  upi'ii  il~  own  alert!U'>s  and 
aL;ility  to  Lcrp  onl  oi  the  way  of  other 
lM.at<,  'liie  latter  can  hardly  be  ex- 
piitrd  to  notici'  the  inconsiiicuous  peri- 
scope tube  projcctiii),'  Irom  the  wa'cr 
iii  time  to  turn  tbi'ir  threat  bulks  or.  of 
the  danjjer  course. 

'Ihe  forej;oiiit,'  arlicK-  dc-.,rjbr-  the 
t\pe  of  periscojjc  ikjw  in  common  use 
on  submarines  and  one  of  the  en;,'rav- 
in;;s  on  this  pai;e  clearly  illu>tralr-  the 
j'rinciplcs  of  the  in^tninicnt.  .\  --erious 
dele,-;  '■!  thi^  t\pe  ni  ill  t rr'ii'iit  is 
that  tl;e  lirld  of  vision  i>  too  limited. 
The  man  at  the  wheel  is  abl  •  to  see 
under  normal  ci,'nditi(Mis  onlv  that 
wiiich  lies  immediately  iiefore  the  boat. 


Si:i;iN(j    IN    ALL   DIRLCriONS   AT  ONCL- 


I!  l^  triif  lh.it  he  v.iu  lurii  tlic  |iiri>ni|n- 
ahout  so  as  to  look  in  other  <liri'itiiiiis, 
l)lit  tliis,  of  course,  invdlvi-s  inii-iilir- 
al)k'  inconvetiii'iicc.  <  >u  .i  Ir.i-i  i,w> 
nci-asioiis  lias  a  suhiiririiu  hn.il  \n\u 
nm  down  by  a  vessr!  coiniiijj  ii|)  luhiiicl 
it. 

As  Ion.;;  a-  tin-  ^ulitii.iriiir  lia^  hm  a 
siii^li-  cvo  it  would  sicin  (|iiiti'  i  -m  ntial 
to  make  this  eye  all-seeiii;,' ;  and  ^iiue 
the  two  lanuMitalilf  accidents  just  rc- 
I'lrnd  In.  an  iiivi'ntor  in  laiudaiai  lias 
lie  w-i-d  a  )Hi"iscii|ie  which  ]ir(i\idc->  a 
vi(\v  in  all  dircctiniiN  :     the  same  lime. 


Cjurtt-J:    of    ti:c    S<  itrtitific 


1  hi-,  ha-.  Ih  <  !i  .mm  mj.lt  d  l.>  loii  .  Ian 
it  has  hecn  immd  \cry  <lillicull  tn  nh 
taiti  nn  annul. ir  lens  nnrror  whiih 
wimld  ]iriij(ct  the  imaj;e  down  the  jieri- 
sc(i]>i  tllhe  uithiuil  distortKjii.  I  hr 
accompan)  int;  illustrations  show  h'.w 
this  .hlli.iilty  h.is  nipw  hecn  overcome. 
Wilde  we  \\\\\  nut  ,iltini]it  to  enter 
into  a  iii.ilheinatical  e.\]il,m.itiun  ui  the 
]irici-e  I'linn  oi  the  mirror  Kiis.  il 
will  Miliice  to  s|,  te  th.il  il  is  .an  amuilir 
I'lisin.  I  he  ].r|sni  ,~  :i  /'in.d  scetimi 
iM  .1  sphn  e  w  nil  .1  conMl.l.d  i  rnlr.d 
opening'  ami  a  slightly  concave  h.ise.  .Ml 
the  surfaces,  however,  arc  },'ener.ili-.l 
li>  arcs  of  cirwcs  owinjj  to  the  ine- 
(  h.inic.d  iiu'unvetiience  of  prMdii<inL; 
lnil\  hyperholi.iclal  surf.icis.  The  Kiis 
n.iiTor  is  sliin\n  jn  siciii.n  at  ./  in  I'il;. 
I  'Ilk  arrows  indi<-ate  ro;!;;!il\  the 
cciirsc.  (,t  tlic  r.i\s  into  the  lens  and 
•heir  ri'llectlon  from  the  sift.i.-e  />'. 
which  is  prefer.ahl\-  siKucd.  The  tiilie 
is  provided  with  two  ohjeiti\es  ('  and 
/•  (  I'i.L;.  .^1  Inlwicn  which  a  condenser 
/  is  iiiterpiis,.,!  at  the  imaL;e  plane  of 
the  lens  (  .  At  the  Iiottom  of  the  jieri- 
scope  tllhe  the  r.i\s  arc  rrllicled  li\ 
ine.ins  ot  a  piisin  /•  into  ih.'  e\epicce. 
Two  .'vepieces  are  inip|n\id.  '  'nc  (,f 
li'Wer  powiT,  (/.  is  .1  l\(  lin  r  >  \ apiece, 
tl'.e  pnrpcise  oi  wliicli  is  to  prni'it  in- 
spci'tion  of  the  whole  ima;.;e,  while  .a 
hii^li-pow  ered  ccci  ntric.'illy  pi. iced  I  Inv- 
,i;hi'nian  evcpiLCc.  //.  eiialiles  one  to 
inspect  pcirliipiis  (,t'  the  iniai;e.  Tlu- 
I  wo  eyepieces  are  mounted  in  .a  rectilin- 
ear ehamher,  /,  whicli  ni.iN-  he  rut.iti-d 
.ahout  the  prism  at  the  rnd  of  the  peri- 
scope, thus  lirin^in^'  one  or  (Jtlier  of 
the  e\  epieces  into  active  ]iositioii.  The 
I'l.m  \ie\v.  i'"ii,',  4,  shows  in  full  lines 
the  hii,di-powered  eyepiece  in  oper,ati\e 
position,  while  the  dotted  lines  indicate 
tin  p.irts  niM\rd  ahoiil  to  hriiii;  the 
!ow-|'owcr>  d  I'vcpicce  into  u<e.  .\  sin.dl 
catch.  ./.  sliowii  in  V\\i.  J.  serves  to 
hold  tlie  ch.imlier  in  eitiuT  of  these 
two  ]>ositions.  ■(  he  hi,i;h-powered  eve- 
piece  is  nionnted  on  a  plate.  A',  which 
may  he  rot.ited  to  hrins,'  the  evepiece 
into  ])nsitioii  for  inspecting;  any  desired 
liortions  of  the  annular  imaije.  The 
parts  ;ire  so  arranijed  that  when  the 
eyepiece   is   in   its   uppermost   position. 
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now    \\l     LOOK    TMROl  (iH    A    IMRlSCOlMi 


M--  niiiualiil  by  lull  lni<>  m  i  ii;  _■,  tiif 
olistTviT  can  si-i-  tliat  wliiili  is  ilirtvlly 
in  front  of  tlu'  snhnianm-,  ami  when 
till"  i-yi'|iii'ie  i>  in  it-  low  |«i>ition,  a-, 
iinliiati'il  liy  <loiti'<I  lini-,  he  mt-  oli- 
jilts  to  the  nar  of  tho  suhmarinc. 
With  till-  fyc|)iivc  at  tlu'  rijjlit  or  at 
i'li'  lift  hi-  M'l's  olijivt-.  at  thf  ri.i;ht  or 
It  It,  rtsiH'itiviIy,  of  ihi-  snlniiariiK'. 
I  hi-  hiKh-|M)\V(.TiM|  cyi'|)ii'ii'  is  sliylitly 
iiH'hiifil.  so  that  thi-  iniai,'c  may  he 
vii'wi-il  iiornially  anil  to  ec|nal  ailvan- 
lai,'i-  in  all  parts.  Monntiil  ahove  n 
plain  iinsiUiTi'il  ))ortion  of  the  mirror 
is  a  si-ale  of  ik-f;rtis  whiili  appears  just 
ntitsiile  of  the  atnuilar  ima!,'e.  A  seali* 
i-  also  cnKraved  on  the  ]'late  K  with 
a  fixeil  jiointer  on  the  i-liamlnr.  inakini,' 
i.  possihle  to  lo'Mte  the  position  of  any 
ohjii-t  ;m<l  rotate  the  plate  K  so  as  to 
liiiiifj  the  eyepieie  //  on  it.  The  scale 
.il-o  in.ikes  it  possihle  to  locate  the  oh- 
ject   with  respect  to  the  hoat. 

This  imprfive<l  iK-ri-cojie  is  ai>|ili- 
c;ihle  not  only  to  snhm.iriiie  hoats  hnl 
I'lir  other  pnrposes  as  well,  snch  as 
].li(ptii;;raj>hic  l.ind  surface  work,  in 
which  llic  entire  surronniliti<;s  may  he 
rrcorilcil  in  a  single  plmtojjraph.  The 
acconipanyinjj  photoi^rajih,  taken 
tliniui;!!  a  periscope  of  this  type,  shows 
ill'-  aijvantaijes  of  this  arranfjement 
.iii'l  1,'ives  an  idea  of  its  valne  to  the 
-iihmarine  ohserver  when  Msint,'  tin- 
1.  i\\-]iii\\  ircd  eye])iece.  Of  conr-e,  hv 
ii-iii„'  till'  uiher  eyejiiece  any  particular 
I'^rt  III  llic  view  may  he  enlarged  and 
Lxainuicil   in   detail. 
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HOW  EXPLOSIONS  ^^A^  occlr  on  slbmarines 


Accidents  and  Their  Causes. 

Till'  ;H'i-iikiit>  wlikh  siilimariiu'  vcs- 
>i-ls  imist  ^'lianl  at;ainst  arc  a--  lollnws: 
ccillisidii.  tdunilcrini,'.  i\]il(i-ioiis  ami 
a^])llyxiati(lIl.  I  lie  in'^l  ilanmr  is. 
licwcvcr.  till  i;rcali-r  tli.ui  tliM-.,  j,, 
which  \isxcls  that  run  entirely  .m  llu 
surface  111  the  water  arc  cxjiiiM-d.  I  lu 
I'Vc  i>|  the  siilimariiic  places  ilic  1 1  an 
iiiander  mi  a  practical  1e\e!  wiili  tlu- 
cf.iuiiiaiukT  of  iitlur  vessels,  sci  thai  it 
a  collision  occurs  it  is  due  to  the  same 
lack  of  natclifultu'ss  which  causes  col 
hsiotis  on  the  surface  of  tlu    uatir 

The  suhiiiarine  hciat  is  U's~  li.ihle  to 
fnniiiler  than  an  ordinary  \rss,!.  he- 
cause  she  is  Iniilt  to  withstand  a  i;reater 
pressure  of  water  than  other  kinds  of 
vessels.  <  M'  course,  if  a  suhniariiie 
spriii.ys  aleak,  she  is  in  ;,'r,i\e  daiiijer 
of  sinkitii,'  to  the  hottoin.  and  there  is 
less  chance  of  the  crew  heiiiij  rescued 
from  a  suhmarine.  hecause  no  one  hut 
those  on  hoard  know  of  tlie  danuef  it 
the   ho.at    is   uiul'T   th',-    water. 

How   Explosions  May   Occur. 

in  sulmianiie  sesscK  explosions  may 
occur  either  thr(iu;;h  a  .(ilU'ctmn  nt 
looses  from  the  hatteries  or  h\  reason 
of  leaks  in  the  pipes  m-  tanks  dt  tlu- 
fuel  su])ply  system,  or  llimiii^rh  the 
liurstinj,'  of  the  air  llasks  lieluni;;iii;  to 
the  hoat.  or  the  air  reservoir-  in  the 
autoniohile  torpedoes.  The  j;reatest 
dan.i,'er  is  from  explosive  j;ases  and 
have  lieeii  the  cause  of  all  explosions 
in  modern  suhmarine  craft,  and  the 
greatest  dan,t;er  in  this  connection  is 
the  liahility  of  a  leak  in  the  {jasolene 
pipes  or  tanks.  This  gas  is  a  heavy 
j.;as  and  so  jjoes  to  the  hottom  of  the 
vessel,  where  it  is  not  so  e,isil\  de- 
tected as  a  jjas  which  rises.  Ihere  is 
no  certain  \\.'\  of  .iiuariliiif,'  aj^ainst 
leaks  of  j^asoUne.  .\  leak  may  occur 
at  any  time  in  a  pijie  or  tank  of  gaso- 
lene tIirous;h  some  cause  or  other  no 
matter  how  carcfulK  inspicted.  and 
the  gas  from  this  is  so  active  that  it 
will  no  thr'.juirb.  the  tiniest  h.fAc  miair- 
iiiahle — even  throu.ijh  a  hole  which 
water  will  not  penetrate  The  crew  of 
.1   suhmarine   is   alwavs   suhject   tn   thi'^ 


.anger  unless   the   t.inks  are   IjuiIi   out 
side  the  hull  ol   the  ship. 

How  the  Air  May  Become  Poisoned 

1  lurt-  Is  .1  '-niistanl  dan^''"  oi  .i-- 
ph\xiatioii  to  tile  men  in  the  siihiii.inn'. 
A  \ery  small  leakage  oi  L;a-  nr  ihr 
exhaust  from  .m  intiTiial  cuml>n-tHin 
riii^ine  iii.u  iii.ikc  llu-  air  s,i  iiii|ini-r 
that  those-  .din.ird  will  Ik-  overri.nu-  \ 
Lireat  deal  of  can  must  In-  t.ikrii  |m 
k<.ep  the  air  pure  aiul  to  warn  tlu-  cii-w 
;it  the  lirst  sjirn  of  danger  from  tin- 

\\  lu-n     sulimariiu-s     lirst     c.imi-     niio 

pr.ictiral  il-e.   it    w.i-   found  a   i; 1   hlc-a 

111  lake  a  nmnlier  of  liltlr  white  mice 
down  with  the  \r-s(l  to  w.irn  all  if 
ihe  air  hegaii  lo  iK-iniiu-  i:ni-iire.  .\s 
siinii  ,-is  this  ocrnriTiJ.  tlu-  mn a-  lircimc 
ilistresst-il  .-nul  si|ii,;il,.,l  ;i-  liitidU  :is 
tlie\  Could,  thus  w,-iniing  tlios^  aho.-ird 
ihe  ship  111  il,inn,r.  The  nii>-e  felt  tlie 
ini]iiirity  of  the  .-lir  iiiiirlscr  th.-m  tlie 
iiuii.  not  hrc.-iiisc  tlu-\  li.id  .iiu  s|„,',-ial 
,L;ift  to  ilisrii\i-r  wlu-ii  tlu-  air  w.l-  had. 
hut  hecausr  thi\  hre.ith  mucli  mure 
i|uickl\  than  man — take  slainc-r  .-md 
m.iny  mnre  hreaths. 

Xiiw.  hiiW(-\-er.  a  clutiiu-.il  di-\  ici-  lia- 
lieeii  iina-nlrd  which  is  afrr-.ted  in  sni-h 
a  w;i\  ;is  tn  rini,'  a  loud  liell.  if  the  ;iir 
in  tlu-  \i-ss<-l  JH-conu-s  inipurr  tn  siich 
ai,   rxu-nl   ih.it   tlu-rc  is  .-nu-   d.ingrr. 

Hre.ilhmg  the  same  air  o\rr  .and  iiM.r 
may  till  the  vessel  with  carlnMiic  .icid 
gas.  Tlu-rc  shmiM  l„-  ,,0  great  d,ini,'er 
from  this.  Imwi-vir.  ,is  stthmariiu-s  ;irr 
now  huilt  sutfiiieiitl\-  large  to  proxidc 
enough  actually  pure  ,-iir  for  each  m.aii 
ahoard  for  forty-eight  hours,  and  it  is 
hardly  concei\alile  th.it  .1  -uam.-irine 
need  he  sitlinu-r^'eil  mure  than  h.ill"  ili.it 
length  of  time  under  an\   i-onditiuiis. 

Of  coiiise.  ill- 11  lull,  tlu-rc  Is  the 
danger  of  accidint  diu-  lu  caTless!|.--< 
or  ignoraiiie  In  uihi  r  wurds.  it  is  jnsi 
as  difficult  to  make  a  fool  proof  snh 
marine  as  ,-i  fool-proof  anything  i-lsi- 
Wherever  anythini,'  is  constantK  rlc- 
pciiiKiit  upon  the  continuuus  careful 
attt-nlion  of  human  heings.  tlu-r.-  i-  euii 
slant  d.in.^'i-r  of  .a.ccident.  wlu.-th.er  it 
he  on  hoard  .1  suhmarine.  a  railroad 
train,  steamship  or  in  connection  with 
■unthiiii,'  else. 
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WHO   MADE   THE    fIRST   SLBWAklNE   BOAT? 


Story  of  How  the  Submarine  Has  Been 
Developed. 

It  i>  (inly  witliin  the  past  lui'iity 
\iar>  tli:U  man  ha.-  hrni  ahlo  td  sm. - 
ccsslullv  iia\ii;atc  iiikKt  Iiu-  Mirlarc  if 
the  water. 

It  lias  hciMi  a  ilrcam  of  inventors 
.iiiil  engineers  for  the  jiast  three  hiiii- 
'Ireil     \ears 

I  )unnL;  the  reii,'n  of  Kint;  lame-  I. 
a   enide    -uhmarine   \e--el    \\a-   lunlt   of 

\ I.  ami  was  (le-iL;iiei|  to  he  |iro|ielle(! 

li\  oar>  extending;  out  tliioui;h  lioK:. 
ni  tiie  -iile  of  the  \e---el.  the  water 
heing  ]ire\ente.l  I  rom  -omin),'  in 
throiii,'h  th(.  o]ieiiinjj>  hy  .i,'oat  -kins  tied 
ahotn  the  oars  and  nailed  to  the  sides 
of  the  hoat,  uhieh  made  a  water-tiijht 
joint,  Imt  at  the  -ame  tni:e  t;ave  tlexi- 
hilitv  to  tlu-  uar-,  -o  that  li\  tealluiini; 
them  on  the  return  -iroke  tlie\  eoiihl 
lie  mani|pnlate(l  to  i^ive  head  motion. 
\  erv  little,  if  ;ni\-.  -neee--  eoultl  have' 
attended  thi-  I'tVort. 

N'earh  a  hundred  \ears  later  a  man 
hy  the  n.ame  ol  I  ),i\  hsiilt  a  -uhmarine 
.and  ni.adi-  ,a  waiter  that  he  eould  ile- 
seetiil  to  iiH)  \ard-  and  remain  there 
_'4  hour-.  lie  limit  ,i  hoat  and  -nh- 
nierj,'ed  it  in  a  plaee  where  there  w.c- 
;i  depth  of  nxi  \ard-.  lie  -iieeeeded 
ir  rem.iir.iin,'  tl'.e  J  j  hour-,  and  aeeord- 
ini;  to  latest  adviee-  is  .-till  there,  .a- 
lie  iu'ver  retttrned  to  the  -nrface. 

I'iiere  is  \er\  little  mform.ition  as 
to  the  eon-trnction  of  tlie-e  e.irh  er.itt 
The  first  reallv  -erions  atteiiii't  ,il  -uh- 
marine navii^ation  was  made  li\  a  (.  on- 
neetient  man.  .a  Or  1  )avid  lUi-hnell. 
V  ho  li\fd  .11  S.a\hro(ik  <hirin5J  the  Re\- 
oliitioiiar\  War.  Ilehnilt  a  -m;dl  Mih- 
m.arine  ve--el  whie'.i  he  lalled  the 
".Xmerii'.an  I'lirtle."  and  with  it  he  ex- 
peeted  to  de-tr<i\  the  I'.riti-h  lleet.  an- 
choreil  off  Xew  Ndrk  ilnriiii;  it-  im-iu- 
liation  hv  (  lener.il  W'.i-hini^ton  .fid  the 
C Dntiiiental    .\rni\, 

Thaii  her's  Militar\'  jotiriial  .yives  a 
di-rription  of  thi-  ve--el  atifl  deserilies 
at;  .attempt  to  -ink  tlte  j-tritish  tritr.atc 
"F.asjle"  of  64  ^'im-  hy  attaehiti^  a  tor- 
iiedo  to  the  hottom  of  the  ship  In 
means  ot  :i  screw  m.inipiiiated  troni 
the  intt'rior  of  this  siilimariiie  \<--vl. 

,\  ser^'eaiit   who  ojierated   the  "  I'nr- 


iK"  -tuaaeded  ill  !.;ettiil,t,'  under  the 
r.tati-h  \e--el.  hut  the  serew  wliu  h  w  a  •' 
to  hold  the  torpedo  in  jilaee  laiiie  m 
eiintiul  with  an  iron  -crap,  relii-ed  to 
enter,  .and  the  implement  of  de>triie- 
tion  llo.ited  down  -tre.iin,  where  it- 
eloekvMirk  nieehani-m  lin.illy  eatised  it 
t  '  e.xpjcide.  thro\Mti<^'  ,1  eohimn  of  water 
hiLjh  ui  tin-  .lir  .and  ere.atiiiL;  eon-terna- 
t!on  .anioiii;  tin.'  -liippm,.;  in  the  h.irhor. 
.•-■kippers  \\are  so  liadly  frij^diteiieil  that 
they  -lipped  their  e.ahle-  and  went 
lowii  ti.  .-^.iiid\  llouk.  (  lener.d  Wa-li- 
iiiLjIoii  ((iinphmented  I  )r  llu-hmdl  on 
h,a\ani;  -..  nearly  aiaa  ■•npli-lied  tlu'  de- 
struetioii    (if    the    fni;,ate. 

It  the  ]ierf(irni.uice  of  I'.n-hneH'- 
"Tnrtle"  wa-  -ueh  a-  de>enhed,  it 
-I  em-  -tranm-  tli.it  mir  new  L;o\eni- 
tnent  did  not  inmii  ,liatel\  take  up  his 
idea-  ,and  ni.ake  an  .appvopn.atii  ni  for 
fiirther  experiment-  in  the  -.ame  line. 
When  the  att.aek  w.a-  ni.ide  on  the 
"l-'.ayie."  Dr.  Ihi-hneH's  hrotlier.  who 
wa-  to  have  manned  the  craft,  was 
sick,  .and  ,1  serj;e.aiit  who  undertook 
the  ta-k  w.as  not  -ufticiently  aci|ii,iinted 
with  the  operation  to  -ucceed  in  .itt.ieh- 
ini;  the  torpedo  to  ihc  hottom  of  the 
fripite.  I  had  he  -neceeded  the  "h'.aL-de" 
wof.ld  nndon'itedI\  h;i\c  heen  d>  '.roycd 
.and  the  event  wouM  ha\e  added  the 
name  of  .-inother  "hero"  to  hi-tori  and 
uuiihl  then  h.ive  ehani,'ed  the  entire  art 
of  n.a\,d  w.arf.ire.  In-tead  of  I'.ti-hnel! 
heinir  ene(iur.aL;ed  111  hi-  |il,ans.  how- 
ever, they  were  hitterlv  oppc-ed  hy  the 
ii.aval  .authorities.  His  treatment Wa- 
sueli  ..-  finallv  to  cuiiipe!  hau  \,,  l^.axe 
tlie  country,  hut  In-  returned  .after  :-onie 
\e.ar-  ot  wanderiiii:.  and  under  an  ,1-- 
-niiied  n.ime,  -<tlled  in  '  leoryi.i,  where 
he  -pent  hi-  retii.iinint,'  da\-  practicinij 
hi-  profe--iiin. 

Kohtrt  hulloii.  the  •  lan  wlm-e  !,fenius 
ni.ade  -te.im  n.avi,L;ation  a  succe--.  w.i- 
the  next  ,11  tnrn  his  .attention  In  -uh- 
m.aniie  ho.its.  and  snhm.iri-  e  warf.ari- 
liy  siihmer<;ed  miuc-  .\  l,irL;e  p.irt  of 
his  life  w;i,  dev.ited  to  the  -olutioii  of 
this  prohlem.  lie  went  to  I'V.uice  with 
his  propr  .and  interested  .V.ipoleen 
iiniiaii.arte.  wiio  liecame  Ins  p.atron  .and 
who  was  the  nie.ui-  nf  -ecitrintj  suf- 
ticient   fluids  to  huild  .1  ho.it  which  w.i^ 
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callt-cl  tlK'  ■•Xaulilus."  With  this  vcsmI 
I'uhiiii  iiiadi-  luiiiKTous  de-icents,  anil 
it  i--  rt'pdrtfd  tliat  he  ruwrid  50) 
xariU  in  a  vuliiiHTi^'rd  run  nl  -c\rn 
iiiinulcs. 

In  ihr  siirini;  oi'  iSoi  he  tmik  ihr 
"Xriutihi^"  to  I'.rf^t.  ami  <  ]icriiiu-iitcil 
wilh  hrr  for  ^onu'  tiiia-  lit-  and  llim- 
^onipanion^  dr--ri'nd<d  in  llu-  li.^iior  to 
a  dtptli  ol  -'5  t'lTt  and  rt'niainf(l  oiu- 
hour,  liiit  hr  found  tin-  Inill  would  not 
^land  tlir  |irt^^uro  of  a  LTrattr  deiitli. 
riicv  wt-ri-  in  total  d.irknr-.^  diiritli,'  tlu' 
wliolr  iinii',  1)111  aftrrward  lie  fittiNl  his 
ir.ifi  with  a  j^la^-.  window  l]j  inches 
in  dianu-tcr,  throiij^h  whiidi  ho  could 
sec  to  count  the  minutes  on  hi--  watch, 
lie  also  discovered  durinj:;  his  trials 
that  the  mariner's  coni|iass  pointed 
eijuallv  as  true  uniler  water  as  ahovo 
if.  llis  ex|ierimeiits  led  him  to  helievc 
that  he  could  hilild  a  sulimarine  vessel 
with  wliich  he  coiiM  -wim  under  the 
surface  ami  de^tro\  am  uian-oi-war 
arioat.  Wdien  he  c.iiiie  he  fore  the 
French  .\diiiiralty.  liowevcr,  lie  was 
met  with  hlunt  refusal,  one  hlull  old 
French  admiral  sayiiiLT.  "Idiank  <  lod, 
I'raiice  still  tiL'tits  her  hattles  on  the 
surface,  not  henealh  it."  a  --entinient 
which  apiiareiith'  has  chamjed  Miice 
tho^e  da\^.  as  l-'ranci-  now  h.is  a  lar,L;e 
fleet  of  stihinarines.  \fter  several 
\ears  of  unsuccessful  effort^  in  hrance 
to  L;et  his  plans  adopted.  I'"ultoii  linallv 
went  over  \o  I-j  ,daiid  and  interesu-d 
William  I'itt.  ih  11  chancellor,  in  hi-- 
schemes.  lie  hiiilt  a  hoat  there,  and 
succeeded  in  allacliiiii,'  a  torpedo  he- 
neath  a  condemned  hrii^  pro\ided  for 
the  piir]io--e,  lilowin;.;  her  up  in  the 
lircseiici-  of  an  immense  thronj;.  I'lit 
induci'd  hulton  to  sell  his  hoat  to  the 
I'.nglish  <,'overnment  ami  not  hrini,'  it  to 
the  attention  of  any  other  nation,  thus 
recosiiizinj,'  the  tad  that  if  ihi-  tyjie  of 
vessel  shnulil  he  made  entirelv  success- 
ful, I'nsjlanil  wiiuM  lo-e  her  siipri-m.icv 
,1-  the  "Mistre---  of  the  Seas  " 

I'nllon  consenteil  to  do  so,  hut  would 
not  pledt'  himself  rei;;irdin.i;  his  own 
country,  statiiij,'  that  if  his  country 
should  iieeome  en)4a.ned  in  war.  no 
])led^;e  couM  he  jjiveii  that  would  pre- 
\ent  him   fnini  otTcrini:;  his  services  in 


.any  way  which  woiiM  he  for  its  henetit. 
The  l-'.n^di-h  •  iovernir.'.-nt  ]i.iid  him 
■■>75.i»Hi  tor  tlii-  concession.  Fulton 
tlien  nlnnud  to  N'ew  \'ork  .iml  huilt 
the  "(.'lermont"  and  other  slc'imhoats, 
hilt  did  not  entirely  j,nve  up  his  ideas 
of  -iihni.iriiu  11.1  vij,';ition,  and  at  the 
time  ol  lii^  de.illi  w.i>  at  work  on  plans 
f(jr  ,1   iiincli   lart,'er  ho;;t. 

I'ulloM  had  a  true  conception  of  the 
re-idt  of  --uhm.arine  warfare,  .and  in  a 
Kticr  he  says:  "(iunpowder  has  within 
the  la^l  three  liundred  years  totallv 
cliam;ei|  the  .art  of  w.ar,  and  ;ill  my 
retleclions  h.ive  led  me  to  helieve  that 
thi-  ,ip|ilication  of  it  will,  in  ,a  few 
\i-ars.  put  ;i  stoji  to  maritime  w.ars.  give 
that  liherty  on  the  seas  which  has  heen 
lonjj  and  anxiously  desired  hv  every 
ijood  man.  ancj  secure  to  \mericans 
th.at  liherty  of  commerce,  tranquillitv, 
and  independence  which  will  enahle 
citizens  to  a)ip!y  their  mental  and  cor- 
poreal facilities  to  useful  and  humane 
|iursuits,  to  the  improvement  of  our 
country  ,iml  the  Iiap]>ines  of  tlie  whole 
puiple." 

\lter  l-"ulton's  death  spasmodic  at- 
tempts were  made  hv  various  inventors 
lookini,'  to  the  solvinjj  of  the  ditificult 
jirohleni,  hut  no  very  serious  efforts 
were  put  forth  until  the  period  of  the 
Civil  \\"ar,  and  tiien  a  number  of  sub- 
marine bo.ats  were  huilt  by  the  C'onted- 
er.ites.  These  boats  were  commonlv 
called  "Daxid-."  and  it  was  one  of 
them  that  s,  ik  the  L'nited  States 
ste.amsliip  "I  lonsatonic"  in  Charleston 
liaihor  on  tin-  ni}.;ht  of  the  17th  of 
l-'ehruary.  1X114.  Idiis  submarine  ves- 
sel dr  iwned  four  ditTerent  crews,  a 
total  of  thirty  men.  (htrinj:  her  brief 
c,;reer.  .\t  the  time  she  sank  the  'Hou- 
s.-itonic"  her  attack  was  anticipated, 
and  sharp  lookout  was  kept  at  all 
limes;  but.  notwithst.anding  their  vi>;i- 
laiice.  she  succeeded  in  getting;  sut!i- 
cienlly  close  tn  jilant  a  torpedo  on  the 
ei  .1  of  ,1  spar,  and  sink  this  fine,  new 
ship  of    1400  tons  displacement. 

It    will   be   seen    from   the  above   de- 
scription  that   these  vessels,  while  able 
10   i;i)   under   water,   were   not   control 
lable. 

After   the    Civil    War    several    other 
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ing  to  (k'sij;ii  ;i  siilmiarnir  m-^cI  lli.it 
coiilil  1)1'  t'ontnilk'il  a>  \n  iiiaiiiti  naiuo 
(jf  (loiitli  and  (lirivlidii  uiiiliT  waUr 

In  I'.uropf,  Ciii-.tavo  /tdr.  t.Mnlut 
and  I'rzwiczki,  and  in  tin-  rnnntrx  Mr 
iiakiT  anrl  Mr.  John  I'  ll..ll.ind,  liuill 
ixinTJnu'ntal    vi'<»(l> 

In  1S77  Mr.  Ildlland  bnill  a  Mnall 
1"  at  wliiili  \\a>  I'allcd  llir  "Irnian 
l\ain."  It  i^  ^tati'd  that  tlii~  \.-~rl  \\a< 
liuilt  witli  caiiital  lurnislnil  ]>\  ihr 
"I  laii-na-' iad.'  wiili  tlu'  idta  ni  u^ini; 
it  aijainst  tiir  I'.rui-li  licet  in  an  ,it- 
t^nijit    to    trie    hiland. 

\\  liiK'  sonic  >li,i;lit  >noii-'-  wa--  met 
with  l)y  these  inventors,  it  wa-  un\  nniil 
alimt  lSi»7  that  .inv  real  iirus^Te----  wa- 
nia<le. 

In  iSg,^.  Simon  Lake,  an  Anierie.in 
inventor,  -nlinntlrd  plm-  tn  the 
l'nite<l  States  Xav.al  anthontie-  at 
\\'a-liini.;ton  tVir  a  snlmiarine  boat  that 
would  navigate  liriwnn  ihe  -urfaee 
and  the  hottoni  liv  the  n-e  of  wh.it  he 
called  "hydro|>lanes."  which  were  de- 
signed to  cau-e  the  \fs-el  tu  -ulmierm- 
on  an  even  keel.  .\Ir.  L.dsc'-  de-ii;r:  nf 
vessel  was  al-o  jirovidid  with  wIkiN 
tn  enalile  it  In  i.i\ii,'.ite  mi  the  u.itrr 
hill.  It  w.i-  ,il-o  |iio\iilrd  with  a  div- 
in<;  eoni|iarlnietit  in  etiahle  tin-  crew  t" 
don  <livins;  sitit-  ;ind  le,i\e  the  ve—cl, 
in  working;  on  wreck-,  culling'  c.ihlc-. 
]il;intin,s;  mine-,  cti-. 

In  K704  and  11(05  In-  hinh  .1  -mall 
vessel  to  deinon-tr.ite  hi-  |'riiici|iles 
and  sncceeded  in  sncct--liill\  tiaMuat- 
int;  the  \e--cl  on  the  Iiottom  ot  .\'cw- 
N'ork  I'.av.  Ili'  then  hnill  a  larL;cr  ve-- 
-el  of  .'ilioilt  50  tons  di-|ilaccmciit  lor 
further  expcrinient.il  ]inri>ii-i-  !  hi- 
vessel  w.a-  called  inc  "  \rL;nn,iiit."  ,ind 
\v;is  hnilt  in  riallniiore  111  luo'i  .and 
\i)(>y.  This  hoat  was  successfnl  fmm 
the  st;irt  .and  covered  thon-.mil-  of 
miles  in  the  I'hes.aju'.akc  n.i\  ,ind  .ilon-.^ 
the  .\tl;intie  Coa-t.  Xew  \"vl  H,i\  and 
Lonjj  Islanrl  Sound,  and  w.i-  the  tirst 
successful  suhniarine  ho.il  to  n:i\iL;.ate 
in  the  o|)en  sea  and  on  ihe  wMit  hed 
of  the  ocerni. 

Mr.  iloiland  ii.aij,  in  ini.j,  rci'cived 
a  contr.act  for  a  suhm,arine  \  e--el  fur 
the   rnitcd   .States   \;ivv,  and   her  i  un- 


-inictiiin  w.i-  -l.irird  in  1  Si  1;  llii- 
\e--el  was  called  ilie  "  I 'lnnL;er."  Thi- 
wa-  the  lir-t  nllici.d  ren  ignition  jjiven 
tn  .1  -nliinarine  Im.ii  ni  the  I'niled 
Stale- 

I  he  '  in\crnnieiil  i\\  |-'r,ince  h.nl  ,il-o 
Linen  .III  nrder  fnr  ,t  -ul)m,n-iiu  Im.it 
^^h^■h  w.i-  under  cnti-lruction  ,it  thi- 
pi  rind, 

I  he  "  I '!lin;^rr"  ,\:i-  ii(\er  -nhiiirrL;c-d. 
her  cnii-irnctinti  mM'tinL;  .'i  perind  ni 
-e\eral  \e,-ir-,  ,-|iid  -hr  w,i,  liii.ilK 
.il.indniie'.l.  Mr  Ni.n.iiid  had.  hnw' 
I'ver,  m  ilf  nie.iniinie  |ire|iarcd  tlie  di- 
-i,l,'n-  nf  .iiinther  \e--el  which  lie  c'lHed 
"The  Hnlkind."  Thi-  \i— el  w:i-  ;i.- 
cel'led  li>-  the  I 'lilted  .'^t.ile-  i  in\  ertl - 
nieiil  :ii  ii((K),  :ind  .1  tnimher  nf  nther 
\c--el-  nl  till-  l\|ie  were  Imill  Thi-e 
\e--el-  were  kiinwii  a-  -uhmarine-  ni 
the  divinj,'-  type.  Tlu'v  were  contrnllel 
h)  nie.iti-  nf  ;i  hori/ont.al  .iiid  verticil 
indder  ]il,ned  at  the  stern  of  tlu'  \e-- 
-el  .Hid  the  hn.at  wa-,  hy  mean-  ni  Uie-e 
rudder-,  inchned  dnwn  h\  thr  hnw-, 
and  dri\en  ninKr  tlie  w.iter  liv  the 
lorce  ni    .lu'ir   -cn-w   prn|nller. 

i.n<.^!:iiid  ,il-n  hnilt  .1  niniiher  ni  -dli- 
m.arinr-   of   the   di\iiiir   t\|„.. 

In  loo:  .Mr.  I., ike  hrnni^ht  out  ;i 
kiri^er  ve--el  nf  hi-  l\pe,  which  w.as 
contrullcl  h\  h\ilr..pl,ine-.  which  \  es- 
-el  w.i-  -nld  In  the  h'u--i;i;i  l,i.\ern- 
mciit.  wa-  -hi].ped  .-icrn--  llir  \il.nitic 
to  Kmii-i.ult,  ,111,1  frnin  there  h\  rail  tn 
\  kidnii-tnk.  :iiid  w.i^  m  i ,  iinnic-i  ,n 
off  \  ladi\-o-tnk  jn-l  hcfnn'  the  cln-e 
of   the    K'n--i,in- hip,i!i.-r    W.ir 

Mr  I  ,ike  llicn  recencd  nrder-  ffnni 
<he  Ru--i,an  ;ind  nihrr  <  in\  •.■rnnient- 
fnr  ,1  nninher  nf  .iddition.al  hnal-  nf 
the  e\en  k<'el  t\pe,  tn  he  contrnlied  h\- 
h\  drnplanc- 

Mr,  l..[ke'-  prmcipli-  ni  cnnirn! 
h.;'\e  hi'i'i  imw  L;rner.-illv  .idnMrd  iiv 
;di  '  lONcrmnenl-.  a-  prn\idin.u  the  -.if- 
1  -t  .ind  mo-t  reliahle  means  of  cnntrol 
oi  the  \'e--el  when  n.a vit^atini,'  under 
the  -nrf.ice. 

■|  he  I'niled  Sl.ate-  ( lovernm.  in  h.i- 
receiilly  adnpted  litis  tvpe  tn  he  huill 
in  their  \'av\  N'.ird-.  .and  nm-i  ,,il,,.r 
hnilder-  have  .idopted  the  In  drnpl.nie- 
.is  the  niciii-  (if  tn.ainlainini,'-  depth 
when   rnnniiiL;   hiiiciih   the  surfac-. 
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This  is  one  of  the  services  to  uljica  sviljmariiie  boats  ot  tliis  tyiK;  ten. I  themselves  with  peculiar 
fitness.  It  is  possible  for  them  to  carry  on  ttiis  work  with  clcliberalioii  an.i  to  sneeess.  uniler  the  very 
Runs   and    siareiiliRtits    ol    a    vigilant    toe.    with..m    tlie    slightest    dailKer    of    beiiiR    .letecte.l. 

Inis  w.nilii  be  acr..ni|.lishe.l  (.referably  bv  the  e.i-operation  of  tun  boats.  Tliey  w..nl.l  take  opposite 
si.les  Ml  the  ehannel.  with  a  ciineitinii  r..jie  erteinliii)!  out  through  the  ilivinK  e.iniiianinent.  It  is 
ohvioMS  that  as  they  move  al-mK  the  r.-jie  will  sweep  the  whole  mine-tichl  an.l  gather  in  the  e..nncctinK 
cables.  This  w,,iil.|  be  in.lichle.l  at  .nice  1..  the  o|.erat..rs  in  the  .living  eonipartmem  bv  the  loa.l 
up.. 11  the  sweet. ing  line  .\  grapple  may  then  be  attacheil  to  the  rnpe  anil  sent  out  .if  ..ne  b.iat  ami 
hanle.I  into  the  other,  an.l  thus  drag  the  mine  so  near  that  a  diver  could  g.>  .>ut  an.l  .iestr.iv  its 
electrical  c  niie.ti..n5  or  cut  it  adrift.  Sh.oild  the  laltcr  operati.m  be  the  aim.  the  grapj.Ie  ma'v  he 
s..  fashi-'ii-.l  as  to  ace.  mplish  tliis  without  the  .liver  leaving  the  c.mpartment.  This  latter  nutho.l  is 
one    strongly    recommende.l   by    s.imc    ..t    the    m<.st    pr.iniineiil    miliiarv    anth.^ritirs    on    ^.il.nianii.-    deten^-e. 


h.ats   Iiavc    traveled    many    miles    over 
b-jttom    wit 


I     I-    iicl'ire    indic.-iies    ll'-     nM-:--.  :■    i;i    wl.icii 
button;.      Jii    the    present^  uo-laiice    the    boat    is    sh... 
door    .'pen    aiui    strong    lights    being    used    to    tacilitate    a    more    perfect    examinati.'U 

There  is  no  trim  or  enuilibrium  to  maintain.  When  the  jiropelling  machinery  stops  the  boat 
c.imes  to  resi.  .\  cyclometer  attached  to  these  wheels  gives  a  fairly  reliable  rea.ling  .,f  the  distan.e 
travele.l  un.ler  normal  circumstances.  .Xs  the  currents  do  not  carry  her  out  of  her  course,  ami  as 
ner  gauges  give  an  absolute  rccnl  of  changing  depths,  it  is  possible  t..  s.i  navigate  upon  the  bottom 
wilh    remarkable    :'i.,.M.n        In    sh.iilow     w.ilers    this    methn.I    has    many    alv.intagcs 
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Rfcovfiiii^  Cargo  or  Subirirtjed  Objects 
Without  the  Aid  of  Divers. 
I  he  (i|n.T,iti!ij;  mill'  is  liorc  sliown 
williiii  till-  body  (ii  a  Inilk  ami  oo-op- 
iratiii-,'  witli  the  liftinj;  derrick  mi  the 
■.iirl'afi  rrat't  in  tlu'  rcinnval  of  ilie 
-iilinuT.m'iI  carjjo,  A  fjrah-dri-(li;e 
Imckct  <il'  \veIl-kii()\Mi  consiriution  i>i 
used,  the  jaws  of  uhieli,  wlieii  heiiij; 
li'Uered  !■>  (Pile  rojie,  open,  and  \v  hen 
-train  is  linni'^dit  on  th<'  liftiiij,'  rope, 
the  jau>  ei(<>e.  'Ihe  uorkiiij;  einl  of 
the  tiihe  is  ]ilaeed  in  the  immediate 
nei!,dihorhood  of  tlie  earjjo  to  he  hf;ed 
and.  .IS  tlie  y;rah  is  heinj;  lowered  from 
the  ho.it  ahove.  the  operator  in  the 
eiimpartnieiit  eonlrols  ilie  :,'rali  hy 
lUeaiiN  ol  the  ;;nide  lini'  -hnun  at- 
t.'i'hed  to  the  stliall  derrick  hoom,  and 
li.ad-  it  <lireetly  over  the  earjjo  to  he 
liltid.  The  L;rah  is  tlien  dro|)pe<l  .and 
ihe   -iijiial    sent    to    ihe    \essel    .ahove    to 


hoist.  The  moment  tile  liftiii}.;  hue 
tanu-n-  the  hiteket  grasps  a  loail  and 
tills  itself  with  material  in  the  man- 
ner   common    to    this    t\pe    of    dre<lj,'e. 

This  method  of  directing,'  iiitellijjeinly 
and  deli!)crately  the  dredije  liucket  may 
he  api)lied  :is  well  to  the  removal  of 
rock  or  any  other  ohs'ruction  or  to 
any  of  those  various  services  of  kin- 
dred character  f.imdi.ir  to  suhiii.irine 
en>,'ineers.  The  threat  and  prime  advan- 
lat,'e  of  the  system  is  the  f.ict  tli.it  no 
divers  .ire  required,  and  the  work  is 
under  the  perfect  control  of  an  opcr- 
.ilor  siilijrct  nnl\  1(1  atmospheric  pres- 
MU'c  hi  consei|Ueiice.  therefore,  tlu' 
oidy  limn  to  the  erfective  <iper;itiiiL;  of 
this  apparatus  is  the  lentjlh  of  the  tube, 
and.  as  has  been  >aid,  this  can  he  m.ule 
loiii,'  eiiousjli  to  reach  depths  denied  to 
ihe  liver  silliply  hv  inti'r]ioslnt;  .iddi- 
tion.al  sections. 


liii 


UMl.KL  SI'ONlilS   COMI     I  kOM 


Wluic   Do   Spuiigts  Come   From  J 

Liilii  vvitlim  cciiiparativcly  rc-cciit 
years,  tin-  »ih)iii;i-'  wa>  rfgankd  as  a 
])1aiit :  it  is  now  kiinwt)  ti>  Ik-Iihik  tn  tlu- 
animal  kiiiintluin,  ati<l  to  tin-  orilcr  spon- 
i;iila  of  tlic  i-la»s  of  rliizopoila.  Spoivji- 
is  an  fla«tii'.  porous  siihstamw  formol 
of  iiiii'rlaiH'il  liiirny  tiI)or«.  wliicli  pro 
ilu.c  liy  lln'ir  ininuTous  iiiosiulati.ms. 
a  rudi'  sort  of  iiftwork.  witli  inc^lic-  or 
pori's  of  tiiK-i|iial  sizi's,  ami  usually  of 
a  S'luare  or  aiiL;iilati'i|  shape  l'n'i(li.'s 
tlivsc  jort-s  tlu-rc  an-  >omc  cirinilar  holes 
of  lari^i-  size  scattered  over  the  surface 
of  most  s])i>U};es,  which  lead  into  sinn 
oils  canals  that  i)ernicate  their  interior 
in  every  direction.  Tile  oscula.  canals, 
;ind  pores,  c>>nnnunicate  freely  tojjetlier. 
The  characteristic  |)roperty  of  the 
-piMitre  is  the  facdity  with  which  it  ah 
sorlis  a  larije  ipiantity  of  any  tluid, 
more  especially  of  water,  which  is  rc- 
t;;ineil  amid  the  meshes  until  forceil  out 
ajjain  1)\  a  siii'ticient  dci,'rce  of  c  >!n 
pression.  when  the  sponge  returns  to 
its  former  hulk,  I'roin  tills  ])cciiliariiy. 
co!iihine<l  witli  its  |-leasant  K"ftness. 
arises  the  value  of  the  sponge  for  the 
purposes  to  wliich  it  is  aiijilied.  In  do- 
mestic economy  and  in  sursjical  jirac 
lice,  there  is  ro  other  product  t'lat  can 
1»-  satisfactorily  substituted  for  it. 

Spouiie  is  an  ai|it,itic  production,  in 
diizenons  to  almost  every  sea  and  shore 
It  is  ahimdart  and  vririetl  between  the 
tropics,  hut  becomes  less  so  in  temperate 
latitmles  and  continues  to  diniinisli  in 
quantity,  variety,  and  size,  as  it  is  traced 
into  tuiropean  and  colder  seas,  until  it 
.I'niost  <lis.ippears  in  tlie  vicinity  of  the 
polar  circles.  Some  sponges  are  knf)wn 
to  lie  lierniaiilirodite.  but  that  the  in 
divilua!  at  one  period  jiroduces  cliietlx 
male  elements,  and  later,  chietiy  female 
ilements.  I'ertilization  takes  place  in 
the  body  of  the  mother,  and  the  ey;^ 
lierc  imileriioes  its  early  development. 
The  ctiibryo  eventually  bursts  tile  ma- 
ternal tissue  and,  jiassinij  into  one  of 
the  canals,  is  caiij^ht  by  the  current 
swccpiufj  through  the  cana!  system  and 
is  dischar!.^ed  inl<i  liie  surroiiiuliiig 
water  through  one  of  the  large  ai^cr- 
tures  on  the  surface  of  the  sponge.     In 


the  I'lhania  Islands  and  along  the  coast 
of  I'Iori(|a.  the  breeding  time  of  m;my 
sponges  covers   the  |)eriod    from   mi<l 
slimmer   on   through   early    .\utumii. 

'{"here  is  propa',:ation  sometimes  by 
ciliated  gemmules.  yellowish  and  oval, 
arising  from  the  sarcoile  mass,  and  car 
ried  out  by  the  currents.  These  are 
mostly  formeii  in  the  spring,  and  after 
swimming  freely  about  for  .i  time,  be- 
come fixed  and  grow,  in  its  n.uural 
-tate,  the  sponge  is  a  very  dilTereiu 
looking  object  from  the  .irticte  of  com 
merce.  Tile  entire  surface  is  covered 
with  a  thin,  slimy  skin,  usually  of  a 
d.irk  color,  and  perforated  to  corre- 
siion<i  with  the  a|H'rtures  of  the  canals 
rile  sponge  of  commerce  is  in  re  ility 
onK  the  home  or  the  skeleton  of  the 
siionge. 

riuTe  .are  a  fiw  sponges  th.at  inhabit 
ponds  ;ind  slu'.jgish  rivers;  the  others 
are  marine.  (  if  these,  maii\  of  the 
calcareous  and  siliceous  kinds  inli.ibit 
llie  shores  between  tiile-m.irks,  preferr- 
ing a  site  near  the  low  ebb,  wheic 
nevertheless,  they  are  daily  .dteriialelv 
submerged,  and  left  exposed  to  the  .it 
mosphere.  The  figured  sp(in,;es  with  ,-t 
fibrous  texture,  to  whatever  genus  they 
belong,  are  denizens  of  dcei>er  water, 
and  are  never  left  uncovered.  Thex 
u'row  usually  in  groups,  on  rock  shells, 
shellfish.,  corallines,  and  seaweeds,  and 
either  liave  no  |)ower  of  selectior.,  or 
the  qualitv  of  the  site  is  inditTereiit  to 
them. 

How  Do  Sponges  Grow? 

In  tiuii  gwiwl'ii.  some  sp,)ii|_ri..  |^. 
siinie  a  determinate  tlgure  or  at  least 
one  whose  variations  are  conlined  willi- 
iii  certain  limits.  The  greater  nunilicr 
are  irregular  and  varialile,  their  sli.ijie 
deiiending  in  ;i  great  mei.snre  upon  the 
peculiarities  of  their  state,  to  which  they 
easily  accommodate  themselves.  They 
will  incrust  a  shell,  or  a  crab,  a  rock, 
or  -eaweed.  following  every  iirojcction 
and  sinuosity.  The  offshoots  will  spring 
up  with  a  more  luxuriant  growth  in  the 
deeper  sheltered  jilaccs  uiitii  the  origi- 
nal shape  of  the  foundation  they  grow 
upon  i-  lost  to  ~iglil 
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.■jirii.;t^  .in-  uiijii^uii^  ,iiii|  itiitiit 
;il)lc.  'Hk'v  iiL-vcr  remain  routi-d  to  tlit' 
pl.Ufs  of  the  germination,  ancl  arc  in- 
i  .ilialilc  eitliiT  k{  contraitini,'  or  dilating 
thiinsflvi's  or  even  of  moviiij;  anv  I'iIki 
or  portion  of  tlieir  mass.  The  tunc 
tions  which  ilistinj^uisli  tiieni  as  living 
iH'ii.j,'^  are   few,  and  faintly  imaged. 


Ilnw  Do  Spoiifjes   Ent? 

.\hhoUi;li  ~iioii>;es  lack  the  power  of 
motion  possessed  by  most  animaN,  h^-- 
ini;  nearly  always  attacheil,  in  one  po- 
••ition  or  ancitlu-r.  to  some  o1)jcct.  the 
«tndy  of  their  hahits  in  captivitv  Urines 
out  many  of  tlieir  animal  characteristics 
in  a  >trikin>j  manner.  Small  specimens 
taken  from  the  sea  and  placed  in  di-he- 
I  if  salt  water  may  be  kept  alive  f^r 
-cveral  hniir<  if  ucll  cared  for:  and 
li\  iisinj,'  liiuly  powdered  colorinjj  niat- 
l<  r.  -tiiii  a-  carmine  or  inditjo,  the  man- 
lu  r  (It  their  teedini;  may  he  readiK  oh- 
-r\ril.  Sponijes  are  more  active  in 
I'l-li  via  u.iter  than  in  stale;  tliev  can- 
iMit  he  kept  alive  out  of  water  and  soon 
'he  if  exiioscrl  to  the  air,  HciiiL:  unali!  ■ 
til  po  in  search  if  l' nul,  ,i~  .i  naf.ir.il 
result,  they  can  f,'rciw  oiilv  in  ]i1,iiti5 
A  here  there  is  a!w;i\s  .m  aluinlaiice  of 
food  suited  to  their  w.iiits.  The  .i,'re.it 
spiiii^'iii'^'-  «:riitinds  nf  tin-  \\(,iM  ,ire 
uliolly  confined  witliiii  waters  ha\iiij; 
a  relatively  hii,di  tem])eratnre  durin.: 
the  entire  year.  Tlie  <  >!-!  \\'..rM 
spon-,;es  grow  principallv  in  the  Mciji- 
trrranean  and  the  Rnl  >i:i- :  ihr  \'c  ■. 
World  sjionijes  are  foiiiiil  .iliniil  the  Ba- 
hamas, southern  :m.|  ur~t<rn  I'luriil.i. 
and  |)arts  of  the  W Cst  Indie- 
linest  spoiitjes  eoine  from  the 
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one  of  the  .\meric;in  -'niie-.  the 
r:.llri|  "sluH'p's  wool,"  stands  jiii;! 
f,:viir. 

1  he  commercial  .'^poni.jes  are  sejia 
r.-itcd  into  six  sperie«,  three  of  whicli 
:ire  European  and  three  American. 
Thcv  are  all  referred  to  a  sinjjle  trenus 
called  sponcria,  and  thnui^h  havini:  much 
in  cnnimnii  .t;  retr;irc!s  structure,  their 
text'ire  \ariis  tn  -iR-h  an  extent  as  to 
ni:ike  them  nf  very  r.iieiiual  value  for 
ddin-stic  puriHises. 


i  he  t  lid  \\or!i|  species  may  he  .ir- 
raiifjed  as  follows,  in  order  of  their 
i,'r,idc  of  excellence,  bc,i;inninjj  with  the 
he-t  f|ualit\  :  The  Turkey  cup  sponge. 
Levant  toilet  s]xin4e,  the  horse,  honev 
ciinb,  or  bath  «pony^e,  ami  the  Zimocii 
spon^je.  The  .\meriean  species  include 
the  sheep's  wool  sjio  i-e,  the  yellow 
.^lovc,  violet,  an<I  pra-^s.  s|Kjngcs.  A 
very  close  relationship  exists  between 
the  species  of  the  two  continents. 

.Ml  known  re^rions  in  which  useful 
specimens  abound  contribute  to  the 
worliTs  supply.  The  trade  is  e.xtens-ve. 
The  demands  u|miii  the  fisheries  are 
Kreat.  In  the  Mediterrane  ui,  the  fish- 
injj  is  carried  on  in  some  places  at  a 
depth  of  forty  fathoms.  Divers, 
naked,  or  in  armor,  f^a  down  to  the 
bottom  ;ind  tear  otT  the  sp,,n>jes  frotn 
their  places  of  -ro\Mh.  In  some  places 
draur  dredt;-es  are  cnipliiye<l. 

How  Are  Sponges  Caught  ? 

In  the  past  (ptarter-century  the 
sponge  -tisiiery  of  tlie  Morid  i  coast  has 
I'Town  remarkably.  Its  he.idi|narter-. 
is  at  Key  West  and  several  himdred 
~aihng- vessels  are  eni;;i!,'ed  in  the  i.i  !us- 
fr\.  The  fishing  ajipliances  consist  of 
.1  -nia'l  boat,  a  long  InMik,  and  a  water- 
l:Liss.  Tlte  hook  is  in  realitv  a  three- 
pronged  spear  attached  to  a  pole  thirtv- 
tivc  ft"t  long.  In  searching  for  sponge 
the  fishers  row  about  in  the  small  boat. 
l:v  ho!  ling  the  glass  on  the  surf  ice  of 
tiic  w.-ilir  the  txntom  is  filainlv  seen 
and  small  objects  are  readilv  discerned. 
W  hen  a  sponge  is  si-hted  the  pole  with 
the  lK>ok  attached  is  shot  down  and  the 
product  deftly  g  ...ered.  The  iKxitdoad 
i-^  hrnii-lit  to  the  deck  of  the  .schooner. 
.-ill  iwed  to  remain  there  a  few  hours, 
and  then  is  carried  down  into  the  hold. 
'  In  I-Viday  niudus,  the  lishiug  gencrallv 
ends  for  the  week,  and  the  vessel  sails 
for  some  spot  on  the  neiglihoring  coa~t 
where  there  are  established  crawl-, 
or  places  for  curing  the  catch.  These 
crawls  are  .abont  S   x    10  feet  sqnare, 

fti.iif-    , cliffs......    t....'.,,r    t-~    1i-t   1    ,!- 

while  maceration  and  decninnositinn 
take  place.  The  resulting  refuse  is 
carried  off  bv  the  tide. 
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'1  he  li,>;u;iiicii  ^;i)  aw.is  u<y  .imuukt 
catch  ami  ilic  -|iiitim'>  arc  k-lt  in  the 
crawK  nulil  liic  ciul  ot  thf  I'nlNiwiiiu 
wcvk  wluii  a  luw  caryii  i>  Ir. •uulit  in 
'lliL-  rctuniiiii;  ti»IuTnicn  In- it  llic  di- 
C"nii)ii»c>l  siiiiii;;is  witli  I'liil)'.  riMniiving 
the  iniiuiriiic*.  Tl.t-  watiT  i>  si|iuiziil 
Diit,  tluii  thi-  »|>"ni;cs  arc  allouoil  t.> 
dry  on  the  ]L;riiU!iil. 

After  ilrym^.  the  hold  ol"  the  lar^v 
vessel  is  li>,i<leil  to  the  utmost  witli  the 
))riiilint  an. I  the  viiya;;c  ta  Key   \\  i>t 
is  made.     Iliiver-  Irnni  New  NOrk  look 
over  the  ^ponjjes,  and  make  uli'ers  fur 
entire  car^  rs.     'Ihe  tishermen  dispise 
of   tiieir  ^uuiN   rai'iilly   and   sail   awa\ 
for  in.  Te.     Tlie  hii>  ers  -tore  the  sponges 
in  sunie  'Irv    hnil-iin^r.  and  i-aii>e  then 
to  l)e  Meacheil  hy  iime.    A  jHipular  man- 
ner of  hleaeliinj:  i-  to  wasli  tlie  spon-e- 
thoroiij;hly   in  water,  and  then   to  i:ii- 
iner->e  them  in  <!ihtted  hydroeldoric  acid 
to  di-solvi'  any  of  the  calcareous  snli- 
stance.      ila\invr   a^iain    Ixen    washed 
they  are  placed  in  another  hath  of  dilute 
h><irch!oric  acid  to  whieh  six  per  cent, 
of    hyposulphite   of    s(«I;i.   dissolved    in 
a  little   warm   water,   ha*  Ix'en  added. 
In   this   hath    the   spon'^'e-   remain    for 
twenty-four  lioiirs.  or  uiuil  the  hleach- 
in^  process  is  if iniideted.    After  bleich- 
injr,  the  -poni;es  are  pressed  until  their 
hulk  is  greatly  reduced:  they  are  then 
baled,  and  >hippid  to  Xew  N'ork,  whicli 
is  tlie  ili-iril>'.iting  point   f<ir  the  entire 
I'lorida  priduct. 

.'sp(iHL;es  are  \t\  far  the  most  im])or- 
tant  ti-hery  jiroilucts  of  I'lorida,  re])re- 
seutin:^  ahout  oue-third  of  the  amnial 
value  of  the  ti-hiu;.;  iitdu-trx .  In  IS<i"». 
the  yield  wa~  over  .V^D.fKX)  )»iuu<U  nf 
-pon;^es   nf   wliich    the   ti''st    value    w.is 


W!iy  Does  Yeast  Make  Brfad  Rise? 

!  :i«.i\-  i-  a  l"t  -.'i  su^.;i  :;;  ;'.;c  d(ni}jh 
from  which  bread  is  in.'iile.  Suviar  con- 
tains three  thiti'.,'-. — carbon,  hydroijen 
ami  o.\yi;en.  W  hen  sui^ar  i-  fermenteil 
!!  amotm!..  prai'ticalle  tn  bnrnin'^  it.  T:> 
m.ake  <.;ooc|  bread  from  the  douv;h  it  is 
necessarv  to  fernieiit  the  suijar  w  hicli  is 
in    t!ie    i!ii:redie!its    from    which    it    is 


made.  ie;i>l.  wnivii  i*  ,i  -nnpn  .nui^ 
plant,  ha-  the  power  to  ferment  suuar. 
When  -iiuar  ferments,  two  thin;,,'<  are 
produced,  t  >ne  thin;;  is  the  furni.ition 
of  carbonic  acid  );as.  .\  great  deal  of 
this  carbonic  acid  k-'s  is  caui^ln  in  the 
il'itigh  in  the  f^rm  of  lar,;e  tir  .-mall 
bnbl)les  and  some  of  it  escapes  Into  the 
.lir  rile  otiier  part  tries  to  e-cai)e  into 
the  ;iir  also  but  cannot,  and  causes  the 
doni^ii  to  ri-e,  which  makes  the  bread 
li^ht,  as  we  say.  The  holes  \(iii  sec  in 
the  bread  after  it  is  baked  are  the  little 
jiockets  where  the  carbonic  acid  '^is 
wa-  retained  in  the  di'Ui^h.  The-e  bub 
bits  of  gas  all  through  the  ilough  .act 
like  a  lot  of  little  balloun-  .md  lilt  the 
doui.;h  up  witli  themselves  as  they  try  to 
;,'et  to  tin-  tnp  atul  escape  into  the  air. 

What  Is  Ytast '. 

\'easl  is  a  living  pl,int  that  is  n-ed 
for  the  iiurp"se  nf  can-iug  fermenta- 
tion. Tile  yea-t  we  u-e  iu  bd<ing  bread 
is  an  .irtiticial  yeast — reall\  a  dough 
made  of  llour  .md  .i  little  counuon  yeast 
aii<l  macle  into  small  cakes  .and  dried. 
If  kept  free  fr.im  niijisture  it  retains 
the  ])ower  of  c.iu-in^'  fermentation  for 
some  time.  The  llour  .iiid  other  matter 
in  a  cake  of  yeast  are  only  u~ed  ii>  keep 
the  \east  in  a  form  where  it  can  be 
preserved.  It  is  necess.iry  to  adcl  water 
to  start  ferment.it ion  and  that  is  wiiv 
ui-  add  hilt  water  when  we  stir  iu  the 
yeast  for  a  bakiuL;. 

Is  a  Moth  Attracted  By  a  Lit;htf 

ll  -ceiiis  to  he  .i  .-trar..L;e  c  miradiction 
of  the  n.itnre  of  living  things  th.at  a 
moth  shoidd  llv  deliberately  into  a  light 
or  dash  il-elf  to  ilealh  .ag.iinst  the  glass 
surrounding  a  strong  light.  This  is 
contrarv  to  the  usual  l.iw  of  nature 
which  gives  the  living  thing  an  instinct 
to  protect  itsi-If  ;ig,iin-t  eiiemie* 

I  iir  .1  long  time  we  thought  that 
moths  did  not  deliberately  bur  them- 
selves up  by  flying  right  into  a  ligh^,  but 
o'.'.r  naturalists  h.ave  provet.  •hat  not  only 
moths  but  certain  bird-,  bees,  .des  and 
buiterllies,  burn  iheiiiselve-  up  by  flying 
into  the  flanic  ot  a  light  or  fire. 
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iiii.i  «,!»  proiKiiily  man's  nrst  tnotho<l  ot  pm- 
Lii^r  lire,  lly  ruliliiiin  two  sticks  toRither  in 
s  way  siilVicii-iit  Iu:it  tt:is  ppuluii-d  t.>  mi  hrr 
easily  buniiiLIc  material  such  as  dried  jfrass. 


An  imiirovettieiit  came  when 
'"•■ii  liartad  that  by  twirlinn  a 
dry  stick  in  a  hule  in  another 
piece  of  ilry  wood  the  lire  could 
be  started  more  ijuickly. 


II 


ovv    Man    Discovered    I'ire 


Fikr  was  probably  otio  of  man's  first. 
'  iKii  iho  first,  great  (liscoveriis,  ami 
has  hfi-ii  one  (>(  his  jjreatest  servants 
i~  well  as  one  of  his  },'reatest  danj^ers. 
We  ilo  not  know  who  discovered  tire, 
>r  what  nation  first  nsed  it.  It  is,  liow- 
i  M-r,  one  of  the  sii;ns  that  distin;,'iiislies 
111,111  frcni  the  otiier  animals.  \ot  any 
of  ilu-  lower  animals  was  ac(|ii;iitited 
with  the  use  of  lire,  while  nroIial)lv 
the  e.irliest  races  of  ni.inkiiul  "seem  to 
have   been   acqii.iinted    with   it. 

.M_\tholoj;y  tells  us  woiKlerf .il  stories 
of  the  ori},'in  of  (ire:  acconlinjj  to  these 
tales  it  was  stolen  frotii  the  sun,  or  the 
1,'iids,  and  given  to  man;  and  Pandora, 
the  first  woman,  was  sent  down  to  e.nlh 
to  imnish  man   for  his  theft. 

i'he  most  jioptilar  of  these  stories  is 
the  le;,'end  of  Prometheus.  According 
to  this  legend,  tire,  in  the  early  days, 
was  under  the  exclusive  control  of  the 
gods.  i'ronietheus,  brother  of  .\tlas, 
the  god  who  supjiorted  the  worM  on  iiis 
shoulders,  determineil  tiiat  the  u.se  of 
lire  should  be  given  to  the  people.  lie 
'in  I'll  li  in  ^(iiue  means  to  send  a  spark 
ot  tire  to  the  c.irth,  believing  that  one 
spark  caught  bv  ni.iii  woujii  start  a 
burning  tlanie  lii.il  W(juld  never  go  out. 


With  tiiis  idea  in  miiiil,  Proiiiotbeiis 
visited  Zeus,  the  gre.it  ruler,  to  c.irry 
out  his  puri)Ose,  for  Zeus  controlled  lire. 
While  Zeus  was  iiot  looking,  Prome- 
theus '"stole  sotm-  br.iiiils  fif  fire  from 
the  hearth,  which  he  hid  in  the  M.ilk 
ol  a  fennel  and  sent  it  down  to  the 
earth."  1  hrotigh  this  i'lometheus 
gave  to  man  his  fi-.st  knowledge  of 
lire. 

lUit  while  this  story  of  fire  may  or 
may  not  be  true,  the  use  of  fire  rests  en- 
tirely with  man  and  his  ingemiity. 
'riirough  his  ingenuity  man  was  able  to 
stbject  fire  to  his  will:  m:iking  it  per- 
form cert.-iin  of  his  labors:  and  to  a 
certain  extent  in.aking  it  his  ser\ant, 
although  it  .always  did  and  always  will 
get  beyond  his  control  at  times. 

C)ur  ancestors  were  not  satisfied  with 
I)reserving  the  lire  which  the  gods  gave 
them :  they  tried  and  siicceeiKd  in  pro- 
ducing it.  (^ne  <lay  one  of  them  dis- 
covered tli;it  by  rubbing  two  sticks  to- 
gether rapidly,  the  friction  would  creatf; 
;i  lire  it  was  a  most  useful  discovi  -  - 
lUlore  long  the  whole  of  mankiiiii  had 
Kariud  this  trick:  others  improved  on 
this  crude  method  until  steji  by  step 
men  learned  that  by  striking  two'pieces 
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FIRl:    A   MARK   OF   CIVILIZATION 


l:  .:...;.\u  '.VITU  now  iTkin-^ 
Man's  inptnuity  soon  tauijht  him  that  if  he  tied 
one  <n<l  ni  a  strini;  to  tninethinR  and  wrarptd 
it  around  his  <lrillinK  stick,  one  erd  o'  'ich  was 
in  a  hole  as  in  the  first  ilr.lhnj;  picture,  lie  cuuld 
increase  tlic  rapidity  of  nial<iM«  fire. 


liKII.l.lNG     WITH      111  LI 

With  some  ntlk-r  to  hoM  the 
drilhnt;  stick  whiU'  lie  open. .id 
the  string  he  was  able  to  pro- 
duce fire  more  cpiickly  than 
he  liad  ever  done  before. 


of  flint  or  other  h.irl  iniiun''  tosjother, 
(lilickcT  acti'Mi  w.ts  (ihtainoil. 

.Ml  kinds  of  methods  wore  devisol 
to  increase  knowledge  of  urodltcing  lire. 
The  early  <  ireeks  found  out  how  to 
catch  the  rays  of  the  sun  on  a  htirniiiLr- 
glass  and  prodttce  tire:  the  Rimi.iiis 
achieved  the  .same  re^ult^  tlimn^Ii  the 
nse  of  mirrors. 

In  about  A.D.  rjoo.  an  .Arab,  named 
p.eehel,  discovered  i)hos|)hiinis.  hut  it 
took  almost  <S<x)  years  more  i^r  ll.iiik- 


witz  to  h.'iri  that  when  ]ihos]il)or  ;s  \vas 
brought  into  frictirii  witli  sul]ihur.  t'lre 
wouM  nsull.  I'l  another  lum.lrrd 
vears  the  wnrld  was  lieiielited  by  thc^ 
invention  of  tiie  frictinii  m;itch — and 
since  that  lime  about  one-lialf  tho  ])eo- 
]ile  have  been  carry in.i,'  matches  alxnit 
with  them,  able  thus  to  start  a  lire 
easily  any   time. 

I'ire  atid  m.ni's  knowledge  of  it  have 
had  much  to  do  with  man's  ^irogross  in 
civih/.itiiin       I'.efore  man  li.id   tire,  his 
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This    is    another    method    man 
ruiiblii|{   two   pieces   of    wood    luge 


use.: 
tiur 


for 


followiiiK    this    plan    he    usually    useil 


II.I.NF    .\NU    I'iliin..-, 

In  some  plic 


it   was  discovered   that    li 
■  :!f  hard,  sto!"-    h'-'''   dim. 


against  anotlier,  a  spa 


stick  of  bamboo  and  rubbed  it  back  and  forth      tould  lie  ea 


ight 


irk  was  proihiced  wlii'li 


liunch  of  dry  grass  or 


in  a  slo 
bamboo. 

iuu>lra 


|lllllll'<'I.J     till".!     Itllil'VlJ     II.     i-fftv  It     \ti  ••  t      •  -^  •  ■  ■  •  -  - 

It  he  had  made  in  another  piece  of      moss  and  so  start  a  lire 
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THH    'LINT  AND    STEEL   METHOD  OF   MAKLNG    FIRE 
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llil,    JNikuULl.  Il..\     ui-      nii. 

liocaiisi'  !'ire  was  so 
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^>-  kq.t  Ilis  Hint  atul  tl..  picco  of    u\7' ,j    ! //,  ;'  '^.^  "-'  "^""wn     'Ilu.  ti.,dor  box  is  wl 


tile 


llnluL     IIMjlh    i;uX 

This  is  a  picture  of  a  tiiulir  box  in  the 
form  nt  a  pi^tul.  It  tn.,1,1,.!  man  to  pr.i- 
<\iKi-  sparks  in  greater  numbers  and  nor- 
rapidly. 


fKnUtClXO    M'AliK    Ullil     |U\T    A  \  u    MLKL 

This   shows   ti.e    method    for   strikini;   tbr 
^^rl^^    lal!    , ,„    ,|,c   clutli    , ,r    paper    in    tlu- 


Tins   picture  shows  a  ver-,    complete  tinder   1,,,^    .,-.         ti        ■    , 
used  by  the  wcabbv  people  in  the  .ll.l  ,|;.v  ■     \  ,„    ',  .  .         .„,T'"'  '""''-^  l"'"  i'^t  i'  v.rj-  nrat 
ne^t-ns    ou.ht    with     hnn    ,..    a.     to.U.y    l.-carV-:      :;^l.'a3?^,!nn-^, ::;?.-,- 
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THE-   FIRST    A\ArCHr;S 


This  in.ili-Ii.  ihc  I'lrst.  was  iii- 
iri.iluci'.l  ill  1:11:.  it  was  ri  .-lip 
of  wood  tippul  willi  a  cluniKal 
mixture.  Tn  K^ut  it  it  wa-  neo- 
essary  to  >tiok  \\-  luail  into  a 
bottlf  coiitaiiiinir  a.  :il. 


1  ;     .••■iirill    \N      MATl  11 

This  was  a  paper  cigarette  dipped  in  a  tnixture  of 
suKar  and  potash.  Kolle.l  within  tlie  paper  was  a  tmy 
t;la-s  liulh  Tilled  with  sulphuric  acid.  To  licht  the  in.itc  1 
yon  pressed  tlie  hiilh  with  pincers  liard  eiMntih  to  hreak 
the  IniH).  This  released  the  acid  winch  set  lire  to  •  •  ■ 
paper. 


the 


life  anil  nicivoineiits  were  imich  liki' 
those  of  other  aiiii.Kils.  When  mail  ha.l 
learned  to  make  a  t"ire  he  was  free  to 
move  ami  live  anywhere  and.  therefore, 
people  lies.iii   to 'cover  more   tvrritory. 

Whht  Would  We  Do  Without  Matches  ? 
If  one  were  to  ask  the  man  in  ilu 
street  what  invention  of  the  nineteenth 
centnry  is  his  most  constant  and  invai- 
uahle  ally  he  mii;ht  he  mystified  for 
the  moment,  hut  the  tmdotihted  answer 
would  siirolv  come  in  the  single  word 
"Matches."  '  These  familiar  ohjects. 
apai.  from  their  luxurious  use  hy 
smokers.  ;ire  tlio  Indisnensahle  servants 


of  mankind  fnjm  tlie  moii'ent  oi  ri-in.i; 
in  the  mornin.i;  till  the  liou-eludd  is 
wrajiped  in  sleep,  and  it  is  to  them  we 
turn  when  disturheil  in  the  hours  ot 
darkness. 

No  doiiht  "familiarity  breeds  con- 
tempt," and  it  is  ditiicult  to  ima.ijine 
how  man  would  fare,  hereft  of  his  hox 
(if  matches.  It  miyht  help  the  world 
to  realize  how  mucli  it  owes  to  the  iti- 
veiitors  of  the  l-ucifer  Match,  were  it 
possible  to  cut  off  the  supply  of  these 
magic  fire  producers  for  only  one  brief 
day.  It  reijuires  no  very  vivid  imagin.i- 
atiou  to  )>icture  the  consternation  and 
confusion  that  snch  a  step  would  jiro- 


I 
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Invented  hv  lohn  Walker  in  182-.  It  consisted  of 
a  Mick  uf  wo.id  tipped  with  sulphur  and  then  with  a 
chlorate  mixture.     To  ignite  it  the  match  was  drawn 

r,i!iidlv  thr^u^h  a  fuldtd  piece  of  sandpaper. 


MouKR.v    ^.^^Krv     m.\t.  11 

The  first  practicnl  match  wa~ 
made  less  than  a  century  ajjo. 


.J 


MOW    .MATCm.S   ARE    MADii 


J'lii 


ml 


ihui-.  ain!  tluri'  is  a  .i;riiii  !uiin(ir  in 
woiKJoriiij,'  liou  tlu'  priinili\i,-  hu'IIkpcI^ 
of  dlitaitiiiii;  :i  lij;lit  wmilil  mtm'  tlio 
plililii'  I  iiin  niii'iu'f  in  tlio-t'  dav^  n\ 
^Iriiuinn^  lin^llf. 

Sicinj,'  liiat  tiro  lias  Iiceii  i'in]ilii\x-d 
li\  man  since  jircliistorii-  ilav^.  mic 
wiinl"!  t\|Hit  tliat  oa-y  moans  of  oh- 
taininij  it  \>uulil  liavo  hoi'n  <K'vi>(.'(l  in 
llic  I.  '•ly  auus.  \\\'  tinil.  liowi'ViT.  that 
unii!  ?  hoj^'inninij  of  tlu-  m'tU'ti-i-ntli 
icnlnry  notliin;,'  in  llio  natiiro  of  a 
'  tnati-li  was  available,  anil  tlu-  oniilcst 
mi-tlicids  woro  still  in  use.  W'f  l<no\v 
from  \  irj,n'l  that  in  tho  rciyn  of  the 
l',m|icrnr  Titiis  tire  was  o))taiiK'<l  hv 
niljhins;  ileeayed  wood  with  a  roll  of 
^nlplnir  hetweeii  two  stoiu'^.  Knt  it  is 
nut  nil  Saxon  times  that  we  have  evi- 
dmre  Ml'  the  use  of  the  limler  ho\  with 
it'  Hint  and  steel.  Th.-it  this  Latter  w.is 
^till  rei,'.irded  ,is  somethini;  remarkahlc. 
I-  late  .as  the  llfleenlli  century,  is 
|'Hi\rd  In  it--  re|>resentalion  in  the  eol- 
l.ir  of  the  (  "filer  of  the  I  mtden  I'leire, 
uliieh  was  founded  in  14J1).  I'.nrninij 
l:1.1''-is  li.ad.  of  course,  heen  emploved 
fr'ini  ilir  most  primitive  titnes.  Imi  one 
I. Ml  ini.i!4ine  the  des]iair  of  .an  e.irly 
liriton  who  had  to  w.iit  for  a  >nmiv 
day  liefori'  he  could  hoil  his  ka'ttle. 

Incredihie  .is  it  ni.iy  seem,  it  was  not 
.'  lime  wi-11  within  the  niemorv  of  maiiv 
l-eiiple  li villi:  to-day  that  m.atclu-  in 
.iii\  lliiiii;  .apiiroacliinij  the  form  now 
i.nnili.ir  were  otteri/d  to  the  piihlic. 
rile  way  for  their  m.amtf.actiire  h.id 
heen  prepared  hy  two  discoveries;  one 
h\  .1  •  lerm.in  who  isnl.ited  phosphonis 
m  ill'"):  the  other  hv  a  l-Venchm.m  who 
i'lodiued  chlorate  of  potash  in  i7Sf). 
I'roiii  this  latter  <late  the  prodtiction  of 
lire  w.is  nincli  facilil.ited,  and  a  fi-w 
M.irs  hefore  niteeil  \'ictori;i  came  to 
the  throne,  lolm  W.alker — a  chemist  of 
Stockton-on- I'ees — produced  the  first 
iriction  matches  of  wiiicli  there  is  aiiv 
cert.iin  record.  'riR'se,  called  "C'on- 
i:Ti\es."  were  sold  in  ho.xes  of  fifty  for 
-'  1 1,  .nid  their  success  soon  led  others 
lo  experiment  in  match  luamif.ictnre, 
so  that  improvcinents  wer<'  r.ipidK  in- 
^I'lird  ,ind  lacliiries  sprang  iiji  in  ,di 
p'.rts   111'    ill,     ciiiuitrv. 

It    \Miuld   he  a   difticiilt   task   to  coni- 


pllte  .'iccur.itels-  the  value  to  tlie  luinian 
nice  <<i  the  introduction  to  ijeneral  Use 
of  this  little  article.  At  the  present 
writiiisj.  in  Xiueric.a  the  consuniplimi  of 
ni.atches  amounts  to  over  a  hillinii  of 
ni.itches    a    dav. 


How  Matches  Are  Made, 

lo-il.i_\  inaulus  .111  111  stuh  demand 
lli.at  the  inj,'e!iuitv  of  man  has  devised 
a  lu.achiiie  which  makes  .■omp.Kle 
matches  without  the  help  ol  the  lium.in 
hand. 

At  the  \erv  st.art  of  oper.ition-  a  ni.iii 
feeds  hlocks  of  wood  into  the  jaws  of 
the  machine,  and  tlienceforth  the  me 
ch.anical  monster  does  its  own  worl-: 
Seizins,'  the  hlock  from  the  ni.in's  hand. 
the  machine  Uf'l'^  't  lutween  rollers 
and  forces  it  .a,!,';iinst  rows  of  keeii- 
edsjed  cutters,  which  are  so  ;irr:iiiL;ed 
lli.at  there  is  little  or  no  waste  I  ;u  h 
of  thi-e  cutters  (.and  there  are  iisu.ally 
lorty -eifjlit  in  a  m.achine  )  severs  :i  piece 
ot  wood  of  exact  si/e  .and  sh.i]ie.  \t 
the  s.aine  moment  a  plate  rises  from  he- 
ne.itli.  which  thrtists  these  little  pieces 
ol  wood  into  a  movinjj  flexible  c.ist-irnn 
h;ind.  or  r.ather  into  small  holes  in  iliis 
h.aiid.  iroin  which  the  emhr\o  ni.atclus 
project  liki'  bristles.  This  traveliiiir 
b.ind  is  .about  7(X)  feet  in  letiijlh,  and  fol- 
liiws  a  serpentine  course  in  its  jouriii  w 
which  occupies  .about  an  hour  frnm 
^lart  to  linish,  the  s]ieed  beimj  reinitiated 
accordint;  to  temperature  su  ih.it  the 
m.atches  ni.iy  be  (|uite  dry  wlu'ii  they 
re.ach   the  boxes. 

\\  hen  the  b.aiid  arrives  at  the  fiiiish- 
iiij,'  jioint,  a  steel  bar  punches  mil  llie 
matches  stnck  in  its  surf.ace  .and  tliev 
tall  into  the  inside  boxes  jil.iced  rc.adv 
to  catch  them.  I  liese  boxes  are  kept 
contimi.ally  sh.ikiui.;,  to  tli.it  no  spaces 
are  left  and  the  matches  till  them  com- 
pletely. .\s  the  inside  boxes  till,  a  steel 
arm  presses  them  forw.ird  into  their 
covers,  and  they  are  ii.assed  alons,'  a 
Iriinyh  in  do/eiis.  unicklv  wra[ipeil  in 
paper  and  scaled  by  a  m.ichine.  (.^uick- 
lin.irered  j;irls  tiien  wr.ap  twelvi-  ot  these 
dozen  jiackajjcs  and  we  have  the  sjrnss 
packages  of   boxes   so    f.nniliar   in    the 
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HOW   MAICH   BOXES   ARE:   MADE 


stores.  ll  will  lie  seen,  that  in  spite 
of  tlie  marvellous  maeliiiics  which  do  so 
iiiiKii.  there  is  still  plenty  <it  work  for 
luinian  liaiifls. 

How  Match  Boxes  Are  Made. 

The  niaehines  for  tiiakini;  the  wooden 
hox  which  contain  the  mutches  are  in 
themselves  wDiiderful.  First,  a  section 
of  the  intiik  of  an  aspen  tree,  ahout 
30  inches  in  leiifitli,  is  maile  to  revolve 
in  what  is  known  as  a  peeling;  machine. 
After  a  few  revolutions  the  ronjjh 
outer  surface  is  removed,  and  thin  rolls 
of  smooth-surfaced  wood  are  peeled  off 
or  veneered.  The  machine  at  the  samo 
time  scores  the  wood  re.idy  fur  foldin,:,' 
hy  the  hoxmakin^  machine.  Cut  into 
skillets,  i.  e..  into  ]iieces  of  the  size  re- 
([uired  for  i)o.\  covers  or  in-idc-.  the 
ends  are  next  dii)ped   in   pink   dve   to 

cover  the  edge  of   the  w 1   wliich  is 

not  covered  hy  the  lahel.  The  skillets 
then  K"  '"  t'le-  hox  niacliines,  which  fold 
and  lahel  them,  and  after  half  an  hour 
in  a  cleverly  <levised  dr\iiii;  chamber 
tliev  are  re.ady  for  use.  In  one  room 
alone  sixtv  machines  are  lahellini;  am] 
foldinj;  the  skillets  to  the  nunilKT  of 
several  thousand  Kf<'s-  ■'  'l'')'-  '"  '^^"'" 
the-e  machines  t.ake  a  strip  of  wouil, 
pii>h  it  forward  to  receive  the  I'.i-ieil 
l,..liel.  fold  it.  fa-ten  the  joint,  wipe  off 
the  supertluous  paste,  and.  finally,  toss 
the  finished  "outside"  into  a  receiving 
basket,  is  as  fa-cinatint;  an  cxamjile  ot 
niechaiiic'il  ingenuity  as  the  industrial 
\vr;rld   can   alYord. 

Are  Matches  Poisonous? 

.\  non-poi-onous  "strike  anywhere" 
safety  match,  made  from  selected. 
cleari  strong  cork  pine  is  now  niad-  in 
this  country,  and  is  the  first  satisfactory 
tion-i)oisonous  match.  It  is  also  the 
first  match  to  he  endorsed  hy  the  coun- 
try's recognized  leaders  and  authorities 
ii\'  f^re  prevention  ami  the  conservation 
of  human  life  and  property. 

The  Ilughes-l'.sch  .\nti-\Vhite  Phos- 
j'hnrus  M.ikli  Rlli.  wllich  became  a  "a-.v 
during  the  administration  of  Tresideiit 
Taft,  was  drafted  by  the  attorneys  of 
the    .'\mericaii    .Association    of    Labor 


Legislation,  and  is  the  iim-t  drastic  that 
our  National  (.'(institution  will  permit. 
It  would  he  uiu-oii-'iI\;ti(iiial  to  :ib-i' 
UiteK-  I'ruliiliit  the  m.-iimfactlire  i'\ 
white  phosphorus  matche-.  but  the 
llui,'hes-i-",sch  bill  obtains  the  -aiiir  n- 
'-iilt.  \i/ .  :  ab-nhlte  lirohibitioii  h>  means 
of  (•\ce-.-i\e  t.ixation.  Xo  m;Ucli  m:in- 
uf.Kturer  in  the-e  d:i\  s  of  keen  com- 
petition can  alVnrd  to  jliv  ;i  t.ix  of  ten 
cents  on  each  box  of  white  phosjihoru'- 
matclus  m;ide.  and  place  bis  factory 
under  ^o\iriiniciit  -itrxeiU.ince,  lor  this 
tax  of  tell  cent-  i-  over  three  times  .as 
nuich  as  bis  pn-iiit  selling  price  to 
the   uliMJcsale  trade. 

A-  -oon  as  man  le.irneil  m  make  tire 
and  lil^bt.  he  be';an  to  appreci.ite  liow 
much  more  comfortable  he  could  be  if 
l,r  could  keep  hi-  liilbts  burning  and 
til  li.ive  hi-  light  iiideiieiKleiit  of  his 
I'lre,  because  it  was  at  times  very  uii- 
comfort.ible  to  sit  by  a  fire  on  a  In  it 
night  simplv  because  be  wished  to  u-c 
the  light  which  it  made.  The  lir-t 
schemes  devised  for  lighting  purposes 
nierelv  were  the  camii-fire  torch  and 
the  ru-hlight.  With  the-e  a-  a  1ia-is. 
111,111  w,is  enabled  to  fa-bion  more  cui- 
veiiieiit  foriiis  of  lighting.  lie  in- 
vented the  candle  and  the  lamp,  and 
i,'io\Mi  "enlightened."  boxed  his  lis.;lit 
in  iron  a.m!  in  other  metals. 


Did  Candles  Come  Before  lamps? 

The  candle  i-  in  .ippear.mce  a  primi- 
tive .itT.iir,  vet  there  is  little  doubt  that 
its  jiredeces-or  was  the  lamp.  Tho-e 
old  I".gv])tian  tombs,  \\hi<h  h.ive  un- 
lo.ked  many  mysteries,  held  lamps,  and 
through  them  evidence  of  ancient 
burial  cu-toms.  Lamps  jilayed  a  part 
in  the  solemn  feasts  of  the  l-:gy|iti:ins. 
who  oil  -iich  occasions  placed  them  b''- 
fore  their  houses,  burning  them 
tlTMiiL;h'iut  the  night.  llerodotu-.  in 
i,,,e  iif  hi-  miiiieroiis  references  to 
Xerxes,  .illiide-  to  the  hour  of  lamp- 
lighting,  and  evidences  abound  reg.ard- 
ing  the  use  of  lamp-  aim  iig  the  .incient 
( i.-^.-V-  !■:!!;:>;  v;i!eed,  are  pictured  . 
upon  some  of  their  oldest  vases,  indi-  | 
eating  the  symbolic  .signiticance  which  j 
attached  to  them. 


THl.   EARLIHST    FORMS   OF    LAMPS 


'2'X. 


A  l-Vfiicli  w:\Uh  l.iurr  of  llif  t'lftcfiitli 
>fiitiir>  It'  time  lit'  Mttii.  TIk-  toutr  iv 
liKlitcd  In-  moans  of  l)facons  ar.il  is  prdtccK  ■! 
I'V  ildKS.  Ktiins  of  such  a  tDwcr  can  -till 
I'C   sfcn   at   (Joile^licrtjfr  on   tlu-    Rliiiic. 


What  Were  the  Earliest  Lamps? 

Il  I-  I'ln],,.],!,.  ili.it  tlu-  carlirNt  l.inij.^ 
".'■re  iiii!l''iii^  iiiipi-i'  than  ciniNrntciit 
M-^-rl-.  lillni  Willi  oil  an. I  tircil  liy 
iniaii-  iif  ni-li.  -  \inniiL;  ttu-  l\iiiiian^ 
imic  splinter--,  tlif  i.ir.ji  ati.l  the  Hatii- 
l"an.  -np;ilic.|  li;;lu  until  tlu-  liftli  ciMt- 
liir>.  1h  f..!c  (  liri^t.  and  i\rn  w  lu'ti  tho 
Roiiiati  lK'.i,'an  In  n-c  the  l.mip.  it  wa-; 
1>>  til)  itU'ati-i  ciiiiiM'in.  linilin;^  a  piacf 
"tily  in  tile  liDtiii's  iif  till'  rii-li.  or  nti 
-luH-iai  festival  <lav<. 

rile  in--ti)tn  lit"  liiirning  fttncral  lights 
!i>-i,lc  thr  ilt-ad  liclnrc  inliTitifnl  is  a 
MTV  oM  (Muv  I  .iiL,''ir\ .  intiTiri'tinL;  it'; 
~ii,liilk-ani-c  fur  llic  (  lirisiian,  sa\s  that 
'l<'|iartfil  -uiil-.  ha\ini;  walkid  hrn  a'^ 
'he  ciiiMrcn  nl"  iiL^ht,  nnu  walk  with 
'  .1"!  in  the  li<;ht  nf  tlu-  living  Th,- 
Ixnnian,  I'liny,  refer-  to  the  n<c  nf  the 
I'MIi  lit  liriltlc  nishr-  in  tnakini,'  fnneral 


|ircilialil\  thr  anricnt  |irntiitv|H'  of  tho 
I'M  ntshhi^ht  nf  haiijianil.  Ajjaiii.  in 
speakitii,'  of  tlax.   I'linv  states  that   the 


part  of  the  reed  that  is  nearest  to  the 
outer  skiti  is  called  inw.  and  is  pond 
for  nothiti},'  hitt  to  make  lain|i-inalelies 
fir  candlewieks. 


What  Were  the  Lamps  of  the  Wise  and 
Foolish  Maidens  Made  Of? 

When  lani|.s  had  eniiu-  into  pi-'neral 
fa\iir.  hotter  atU'iUinn  was  friven  In 
tlieir  form  and  eotistruction.  The  first 
seem  to  ha\e  heeii  made  of  haked  elav, 
ii.nnlded  liy  hand  into  elotij,'ated  ves- 
sels ;.,  eoiitain  tlie  ml,  and  ]>rovided  at 
one  end  with  a  hp  to  admit  the  w  uk 
'these  are  the  lamps  which  artists  have 
(ictnnd  ill  the  hands  of  the  wise  and 
fiinhsh  \irL;nis.  thmi^h  in  tlie  opinion 
(it  scum,  sehnlars  ihe\.  were  iiieieK  ro'ls 
of  porcelain  and  iron,  cmered  with 
cloth  and  -teeped  in  oil.  .\noiher  earK 
type,  whiili  was  less  common,  presents 
a  simjile  disc  with  an  aperture  in  the 
'■(litre  for  tlie  oil.  and  a  Imle  for  the 
wiek.  at  line  or  holli  of  the  siiK--. 

I'lider  the  I'.inpire.  when  the  liL;lil 
of  the  l.iinp  had  heconie  general,  the 
lietter  ones  were  made  of  hronze.  orna- 
mented with  lieaijs.  animals,  and  other 
(lecor.'itioiis.  .illaelied  to  the  h.indles. 
while  .as  hfe  in  Rnnie  p.arlnnk  more  of 
hi.\nr\-  ;md  e\tr.i\  ,i;;,i!ice.  Linld.  sil\-,T, 
or  (  iirinthian  lirass  were  the  m.iterials. 
ih'  desit;,is  heini^  iimre  elahorate  and 
cmiiplicateil.  M,iii\  .!nd  lie.mtifnl  ex- 
.■im])les  oi  these  ,ineii,iit  l.imps  have 
Ikcii  nne.irthed  frniii  the  ruins  of  Her- 
culanenm  .and   I'mnpeii. 

When  Were  Street  Lamps  First  Used? 

D.irk  must  have  heeii  the  Ii\cs  of 
those  people  who.  niilil  cniiip,ir.ati\elv 
recent  times,  Ined.  ni  the  .ilisence  of 
sunlight,  hy  the  feehl-.  nncert.iin  lii;ht 
lit  the  jirimitivc  illuminants  hnriie  Iw 
these  lamps.  .\tid  ,is  for  street  lii,dit- 
iniT  that  \v:is  ;i  luxury  hut  seldnm  in- 
duli^ed  in.  .ind  then,  nnt  for  puhlic 
henetit.  hut  to  •■nh  in.  e  the  ^lnr\  of  ,a 
pntentale.  or  ur.ice  tlie  oh-.ei|ilies  of 
o::a"  ;;re.'iT  Tii.'iT^,  i."\v:i  ivniin-.  .ti  iiie 
heiijht  ot  her  lu\nr\  an.l  he.iulv.  r.irelv 
exhihited  more  than  one  or  Iwn  l,intcrn<! 
in  her  streets.     These  were  suspended 
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THI:    HRST   STkll  T    I.KiMT    IN    AMLklCA 


over  till"  l>:iths  and  places  of  jnililio 
resort.  <  )ciasii>iially.  llowever.  tlio 
streets  were  illniiiinated  iluriiij,'  festi- 
vals and  oilier  jmhlic  oceasi(m>,  while 
the   l"oriiin  was  somctiiues  lif,'liled   tor 


eijihUeiuh  iiiitiirv  the  e.mdles  w(ic 
made  hv  ilipiiiii.U  the  wicks  into  melted 
wax  or  tallow.  Imt  ahiiut  this  time  an 
iiitjeiiiotis  1-renehmaii  eotueived  'ho 
idea  of  easlitit;  them  in  nulal  moulds. 


The  nr>l  ^init  liylit  in 
.\iiuriia.  M.irly  in  17''.^  -ever- 
al  liiriic  crr^.^iis  \m  ro  iilarril 
on  ibe  corners  of  Boston's 
m">t  lr<i|iifnti'il  ■.triet.  I'mu- 
knut*  wire  iilaciil  in  thi-si'  tiro 
lia>l<ets  l>\  till-  tii«lit  wati-h- 
tiian. 

a  mirlnisjlit  cxhihition.  With  ihe-e  .ijlit- 
terini:  exeejaion-.  ami  that  metnorahle 
one  when,  to  satisfy  the  homieidal  itn- 
imlses  of  a  had  emi)eror.  the  hodies  of 
(,hri>lians  were  made  livins;  torches, 
Rome  was  a  city  of  ilarkness. 

When  Were  Candles  Introduced? 

I  li-torical  record-  indicate  the  [.reva- 
Kin  use  of  candles  in  the  earliest  days 
of  Rome,  hut  these  candles  were  of  the 
simplest  sort— mere  string  or  rope 
which  had  heeii  smeare<l  with  jntch  (.r 
wax.  In  the  early  (.hristian  centuries 
it  was  the  cu-tom  to  dip  rudies  in  intch 
and  coat  them  with  wax,  a  method  of 
candle-makiii},'  that  w.as  lonj;  continued, 
for  it  was  not  until  the  fourleeinh  cen- 
tnrv  that  flipped  tallow  candles  were 
introduce<l.  I"  the  Middle  .\i,'es  wax 
,;m<lles  i.rovided  the  usual  means  of 
dlumination.  and  these  were  made,  not 
l.y  common  craftsmen,  hut  hy  monks, 
or  hv  the  servants  of  the  rich  I 'mil 
the  fifteenth  century  their  use  was  eon 

inicd  to  .hlli-.lus.  niDii:;  .teries  ail'i  the 
linn-rs  of  noliU-.  lull  the  <lemand  for 
tliem  had  become  so  u.^i-.-A  that  the 
chandlers   of   London  ohtained   an   act 

of      iiu-nrpnratioii  \s     1:iti'     a-     the 
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1    ilic     'Aimiiik    tlnnnralile" 
I  .Hur   l.ifi.re   (.  harlcs    \'ll 


It  is  onlv  within  a  modern  period 
that  the  state  or  city  has  ;issnmed  re- 
sponsihility  in  the  matter  of  jiuhlic 
li^htini;.   which   for  the  most   part    had 


heell    left 
spirit   of 


to  the   <;ooil    will   .and 
citizens.      I'lit    in    Imil 
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land 


A    paK.iii   v.itivf  laiii|i  of  broii-^e,   n^v'. 
tlir  iiinst'iun  at   N*ai>lt  s. 
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The  lir-.!  '■Kinirluru' -  oil  l.intirn— 
with  a  nHtal  rcllictDr.  iisc.l  w  lii;lit  tin- 
>tr<ets  uf  I'aris.  It  was  iiivinlcl  liv 
l.oiirHioK  i\v  Cliafoa-.blanc  in  i;(,;;,  aiii'l 
iiM.l    until   tile   introdtictinii   of  yas. 

proclamation  was  isstie.I  to  tin-  otTect 
that  fvyry  iiuiiv  idtial  .-ImtiM  pla^i-  a 
laiulK'  ill  each  of  the  Iowit  windows 
ot  his  house,  and  kecii  it  biirninj,'  troiii 
11'1,'hitall  until  niidiiijjlit. 

I'aris  wa-  the  first  city  to  iniprovc 
niion  tliiv  iiKliiod  of  street  li,',ditiiitr.  and 
Hi  ihr^S  iuijje.  vase-like  contrivam-es, 
lilKd  witii  resin  ami  pitch,  were  -et  up 
in    U\v    principal    ihoroii^hfare-.       Die 
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ArRaiul  uoi  hi<  iirst  ~iig- 
K<stioii  for  his  Ijiiriicr- - 
inxentcil  in  ir,S(k-  from  this 
style  of  alcohol  l,iin|).  then 
in  general  use  tlir..nv;lioiit 
l-'raiuc. 


rovenuiit  provin>,'.  as  may  re.idilv 
cen.  both  il,in),a-rous  ami  expensive. 

falct.  so-called,  were  replaced  li\- 
lantern.  This  was  at  lirst  sitnplv 
ide  fr.inie.  covered  with  horn  or 
u  r.   withui   which  a  candle  lnirne(!. 

■o"i''    io'O •  iinndred  years  this 

''"■     i-Mciu     (.1     til,      illumin.ation 

lillio    aiitlinritii  V    cunhl    ]iro\ide. 

Ill    .diir-r   it   was   understood   that 


i."  iiouesi  111, in  wuuUi  \enture  ahroacl 
without  his  torch  or  tlamlieau,  and  as 
London,  IVtIiii,  \  ieinia.  and  all  leadui),' 
cities  of  luiro])e,  were  in  like  case,  the 
darkness  of   I'aris  could   he  horiie. 

lUit  proj,'ress  had  heeti  made,  .nid 
c.irly  in  the  eij,diteentli  century  the  Cor- 
poration of  London  entered  into  con- 
tract with  .1  certain  individu.il  to  set 
i:p  puhlic  lij^hts.  givinj,'  him  |iermissi,)ii 
tc  exact  a  stim  of  -ix  shillings  from 
every  householder  wh<ise  actual  rent 
exceeded  ten  poumls.  In  the  miildle  of 
the  same  century  the  Lonl  M.ivor  and 
Common  Council  applied  to  I 'at^li.munt 
for  pf)wer  to  li.i,'ht  the  streets  of  Lon- 
don hetter.  I'rom  the  t;r;mtint:  of  ihi. 
permission  d.-itcs  improu-nicni  in  |.ul)- 
lic  lifjhtin^'. 


V;iiere  Did  the  Word  ■  Gas"  Orijjinate  ? 

A  Hel),'ium  clienuM.  \  an  llelmonf 
coined  the  woni  "jjas"  in  the  iir>i  half 
"1  the  seventeenth  century.  The 
i  Hitch  ^  wonl  "jjeest."  >i.i,'tiif\  iiii; 
"uhosl.  '  su.!,'^'ested  th  term  to  inm. 
and  his  superstitious  n  e  i  i;  h  h  u  r - 
lioutided  him  into  obscurit\  ior  l.ilkini; 
of  ghosts. 


lia!'Kin«  Iain|i  from  Xiishae.ik  in  Sonih- 
ern  Alaska.  it  is  siispemled  Irimi  tlir 
framework  of  the  tent  hy  cords.  DiN 
and  fats  from  northern  animals  give  a 
elear  and  steady  liK'ht.  and  Kskiino  lamps 
are    fref|uent!y   jiraiseii   hv  travelers. 
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WHAT  THl:  B!G  TANK  NEAR  THE  (lAS  WORKS  IS  I  OR 


J     ■  .  K,.  .,.„  thf.  hie  tank  near  the  sas  works,  and  most  of  them  have  wonjcrel 

Almost  every  hoy  and  K'^  .t"?'  »«2.^Y/ big  tank  "s  a  "h,  1  Irr"  in   wh.ch   the  ftas  „  stored  after  .1  ,~ 

•sd!.   ".   it  ana   what    it   1-  -or.      1  ni-    i-.k 


wnat     ._ 

"""'It' S^m  h"laer^-'  ::!"^"'"  '"""  *""*'  "'■" 


is  cn^taotlv 


a""'  —  "'-        ,,  ,..rrv.,ir.  fr,.m  wh.cn  sas  i»  t".-,a.....    heim;  taken   and  the  <|uant.ty 

Th.-  Kianl  h..iatrs  are    '^-•^"","  'J""  ^.T",    ,,ever    ceases   nianuiactunnii   its   product, 
constan.lv  repU-nj^hed.  as  'j^^  "V"  f^^n-'tnt  rrum,""  of  the.  supply  by   r.ason   of  accdent,  as  gas   plant. 
..e  X^'c^uIpp^dUh  d^Uate   apparatus   f.t    emergences. 
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MOW     rHI     (JAS    CiHTS    INTO   THi:    (iAS    .11  I 
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Wiiea  Illumiiiiititij;  Gas  Was  Discovered.       How  Does  Gas  Get  Into  the  Gas  Jet  ? 


Mil-  lirst   |ir.iituMl  iliMiKiii^iraliDii  ul 
'iu-   v.iliti'  uf  j,'as  iii.nlc   from  loal    for 
lij^liliiii,'   was  made-  In-  a   Si-otiliniaii— 
Isnliirt    .Miinlink  — v\li(»   in    171(7.   al'tir 
-iiiiK'  yt'ars  uf  i-xiHTiim-iitiii};,  lltir.l  n|, 
111  apparatus  in  tho  workshop  oi   i'.unl- 
iiMi    and    Watt,    in    l'.irniinj;li;ini,    i  iii; 
l-md.  ulii.-li  siici-os- fully  lij^htcd  a  \,i<r 
:i"H    of    llial    c-t.-iiili^liint'iit.       i  lu-    .i.l 
\:ilil.l},'t-s  of  this  kind  of  lii,'litinj;  wiTc 
-o   apparent    tli.it    its   use    was   rapidly 
'  Nt^-ndi'il.   altlioni;li    in    ni.un    in^tanc•^•s 
'III-   ]ii'oplf   were   afraid   of    it.      l''or   n 
i!:ni-  this  kind  of  lij,'litini,'  was  ccjnlnud 
■'■•  stri'i't  l';,'lils.     (  )uv  of  tlu'  first  i^timi 
siriii-tnrt's    to    liu    lit,'hti-d    l,y    j^ms    was 
WVstininstiT    liridt,'i'    in     I, mi. '..11,    am! 
..rr.at    crowds    .yatlion-d    1.1    u.iuli    tlic 
I'urnin^'   jets   ni,L,ditl\        li    u.i-    .iiftuiilt 
!■•  rrniovc  from  tin-  niin.N  ni  iju-  p^d- 
!•!(■  the  hi-lii'f  that   iiii'  gns-pipc-   wcpr 
iillfd   with  lire  and   the   iet-   urre  oiiK 
.ppeninj,'s    through    wliuli    the    llamr    m 
'he   pi))es   escaped.       I'eople    -(iiiirtinu- 
liiueheil    the    pipes    ixpeeliiiL,'    t(i    ilnd 
ihem  hot,  .-ind  wlten  the  pipr~  were  j'Ut 
in   l)uildin,i,'s  they  made   -ure   tli.it    lhe\ 
>>ere     iilaceii     several     feet     fn.m     ihe 
walls   lest   the   fire   in   them   s,t    lire   to 
ilie   hiiililin<,'s. 

Ilie  iise  of  ilhiniinatilij,'  i;as  for 
li^'hlin-  private  iiiiu-es  developed  (|uite 
-lowly  heeau.se  of  this  fear  of  the  tire 
1:1  the  gas-pipes.  This  was  not  en- 
Tely  unwarr.inl.  ■!.  however,  heciuse 
!'  fir-t  the  phmiljer>  did  nut  know,  as 
ll  e\  do  nou-,  how  I,,  pri'vent  le.'kaije 
"I  .ira-  from  the  pipe-.  The  inethiuN  of 
loinini,'  the  pipe-  were  oftentiiiie-  im- 
pertirt  and.  not  realizing  the  dangers 
vhieh  would  follow  leaks,  causing  ex- 
:'losions.  the  workmen  were  often  cire- 
!i  -s  in  installing  the  pipes. 

I  lie  lirst    .\mt.TKan   house 
gas    was    Used    for    lighting 
!;ome  of   Oavid    Menvil'c  at 
1'     1       llaltiinorc.    .Maryland. 
tir-t  .\nierii-an  city  to  use  ga-  for  light 
"  u'       It    w.i-  introduced   there  in    iHr 


in  which 
was  the 
Xev.port, 
was    the 


ll  >ou  hold  a  cool  ilruiking  g!.i>^ 
over  .1  hnrning  gas  jet  for  a  inonient, 
a  lilm  of  moisture  will  form  on  the 
inside  of  the  glass  and  rem.iin  until 
the  tumbler  heconies  warm,  and  il.'ii 
ilisajipcir.  Xow.  then,  you  will  re- 
memher  that  water  is  a  mixture  of  oxy- 
gen .and  hydrogen,  and  that  when  hy- 
drogen is  hurtled  in  the  ,iir,  water  is 
fornie<l.  It  is  also  true  th.it  whenever 
water  is  formed  hy  hurning  .nuthing, 
hy(lrogen  is  present  in  it.  ^'oil  see. 
therefore,  th.it  the  g.is  u>ed  for  lighting 
))iir|>oses  mn-t  contain  hydrogen. 

I  el  II-  iKiu  learn  something  more 
aliuul  what  ga-  is  made  of.  Wet  n 
piece  lit  gla--  with  ;i  little  fresh  lime 
water  and  hold  this  over  the  lighted 
g'l-  jet  In  a  few  moments  a  cliange 
t.il-es  place  in  the  water.  The  w.aler 
luiii-  -oniewhat  milky.  This  indicate^ 
ihe  pre-enci-  of  carhonic  .acid  gas,  and 
ilir  formation  ,<\  carhonic  acid  ga^. 
when  hnrniiiL;  i-  going  on.  means  ilii' 
pn  -like  111   c.ipIm 111. 

Irnm  ihe-e  two  experiment-  we 
Lj.itlur  that  the  gas  in  the  jet  coiit.iin- 
h\drogen  and  carbon.  .\il  kind-  uf 
illnmiiiating  gas  contain  these  two  ~nli 
-tances.  ."Sometime-  there  .ire  -mall 
i|lMntilie-  of  other  .-uh-t;nices  pre-eiit. 
hnl  the  v.alue  of  gas  for  lighting  de- 
I'uid-  on  hvdrogen  and  carbon. 

We  h.ivi-  already  learned  about  h\ - 
drogell.  hut  it  would  be  well  to  re  Irnrn 
about  carbon. 

Carlion  is  .an  element,  and  an  cx- 
trinnly  important  one.  for  a  large  part 
111  the  comjiosition  of  every  living  thiiv: 
i-  carbon.  It  is  found  in  more  com- 
jiounds  than  any  other  element.  .Mino-t 
pure  carbon  can  easily  he  obtained  In- 
heating  a  [liece  of  wood,  in  a  covereil 
rtensil.  until  it  is  turned  into  charcoal 
Charcoal,  which  is  black,  is  composed 
almost  entirely  of  carbon.  It  is  ;i  verv 
interesting  jiroduct  in  all  ways :  in  con- 
nection with  gas  we  are  particul.-.rlv 
intere-ted  in  th.e  fact  th.at  c.-irboii  -.viJ! 
burn  when  heatecl  m  the  air  or  in 
oxyge-n. 

(.harcoal  is  \-ery  much  like  hard  coal, 
both    being    formed    in    practicallv    the 
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i,l.,>.-,l    in   llH-    «fi.rr;it.T   ;..i.|    li..lt..|    to    :.m    i,u:in,U-M-cnI    statr. 
■      ,1,1,    .lu-11    tiinihiiiK    -il    i»    i>r...liur.l.    but    n»    tlir 
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Aliir  i)a>siiig  into  tlio  scriitihcrs  tho  jjas  is  cuolcil.  passcil  into  the  »criil)l>crs,  and  by 
iiait  v^illl  utiockn  >l.cl  ti.i>>.  ni.iili  up  likr  >crttn>,  a  large  purUun  ol  llic  lar  is  rcniovtd 

m  tlu    gas,  till-  tar  passing  off  to  large-  rictptacks. 


MOW     II  I  I  WINATINCi   (iAS    IS    MVDI 


N.iiiu-  way.  Ani>  of  years  a>;<i  many 
larui-  l«irrst>  <>I  triT-i  \vir»-  Inirii'l 
uiiiliT  a  layiT  <>t  "«<»il  ami  r'>ik>.  iliiniij; 
iliaiim*  that  tKiurrcil  in  tlu'  »'ariir> 
-iirlaii'.  .md  tin-  lint  in»i(l»'  earth  slivily 
hrati-.l  the  wiiu.l.  until  almost  niithinu 
wa»  leli  Imi  tin-  earlmn. 

SiiM  eoal  wa->  tunneil  in  niueh  the 
~;:nie  manner,  hut  the  prnee--  wa*  imt 
-■•  eiimj'Ulel\  lini'heil.  Mixe>!  with  the 
r;.rhiin  in  -ni't  cnal  we  tind  <|nite  a  yuml 
i|.  al  lit  nther  ^uhNianees.  of  whieh  hy- 
ihoj;en  l<>rm<  the  )irinei]ial  part  Thi'- 
I-  what  niake<  snft  enal  valuahle  in  the 
making  <•'   illnininatini;  >;a>. 

When  Mift  enal  i<  heated  in  a  elnseij 
reie|>tacle  a  >;as  is  fcinueil  whi^h  will 
hum.  r<i  ^Ikiw  this  we  have  niily  to 
lake  an  nr.linary  elay  jiipe.  init  a  little 
pieee  of  enal  'n  the  howl,  elose  the  top 
with  wet  elay,  and  put  the  howl  jiart 
«ii  the  pipe  in  the  fire.  When  it  is  c|uite 
hot.  a  J,'-'*  "'"  '"■  loutnl  eoniinp  nut 
of  the  ^tem  of  the  pipe,  whieh  will, 
when  lighted.  Inirii 


The  Story  In  a  Gas  Jet 

."^ciit  umI  1^  lu-.itnl  m  lar^e  tuhes  of 
lire  elay  calleil  retorts,  and  the  gas  that 
i-  formed  is  then  eoUeeterl  in  a  large 
t.ink  and  sint  throui;!!  pipes  In  our 
I'.'iiies  .ifter  lieing  purilied.  The  jiart 
of  the  eoal  tii.ii  is  lift  eoiisist>  l.ir^ely 
ui  e;irlion  .iiid  is  what  we  eall  coke. 

While  the  gas  that  comes  directly 
finm  co.il  will  hum  if  lighted,  it  is  not 
a  de^iraliie  g.i'-  to  hurt!  in  our  homes, 
lacause  it  contain^  a  numher  of  suh- 
staiices  that  should  he  elimin.ited  helore 
it  is  useil  for  lighting. 


How  the  Gas  Is  Purified. 

From  the  cla\  retort-  tiie  gas  passe 
through  liorizontal  jiipes  cont.niiing 
w;iter  This  cools  it  and  lakes  out  of 
ii  mu-t  of  the  t.ir  and  water  vapor 
that  are  driven  off  with  the  gas  when 
formed.  These  substances  settle  in  the 
water.  The  gas  then  goes  through  a 
series  of  curved  pipes,  which  are  air 
cooled.  These  pipes  constitute  what 
is  known  as  an  atmospheric  condenser. 


Iroin  thf-e  the  ga»  goe-  into  a  series 
of  r«'ieptacles  coulainiiig  wooden  sl.it 
ir.i\».  made  up  like  -creeiis.  These  re- 
leplacles  are  called  tin-  -.cruhhers,  and 
they  take  out  of  the  gas  the  last  trace* 
of  tar  and  -nine  nl  the  nilur  colli- 
pounds  found  jireseiit.  The  remov.il  of 
the  -iilphur  i-  very  inii«ortaiit,  for 
hurtling  -ulphlir  gives  olV  .i  ga-  wliich 
I-.  not  nlily<Mrrnul\  illiplire  to  hre.illie. 
hut   also   iniurioii-   to  the   health 

l-'rom  the  -.cruhhers  the  gas  goes  on 
through  pi|K-  to  the  |  nriliers  -hoxe* 
V  hicli  contain  wood  sh.ivitigs  coated 
with  iron  ru-t  upon  which  the  sulphur 
is  deipn-ited  hy  cheniicil  action.  \i  tin- 
-,:liie  time  the  lime  .ih-orli-  a  -null 
i|uantity  of  cirhonic  aciil  gas.  which  is 
formed  with  the  other  g.ises.  I'roin 
the  puriliers  the  gas  pas-es  into  tlu' 
great  iron  tank-,  in  which  it  is  -tor.  1 
until  needed. 

The  gas  in  the  t:iiiks  cnn-ists  chietU 
of  hvdrogen.  a  numher  of  cf)m))oniid- 
of  hvdrogen  .and  c.irhon.  and  a  small 
amount  of  a  coni)»ound  of  c.irhoii  and 
o.xvgen  containing  less  oxygen  than 
carhonic  acid  gas.  known  as  carhon 
monoxide.  The  hydrogen  and  carlnin 
iroiioxide  hurti  with  a  very  pale  ti.iine. 
which  gives  tint  little  light  and  much 
heat.  The  light-giving  i|nality  o'  the 
gas  is  found  in  the  com|)i)unds  of  car- 
iKin  and  hydrogen.  When  thest  hum. 
the  jiarlides  of  c.irhon  ;ire  lu;iieil  white 
hot  and  glow  very  hrigiitl\.  ni.donu  i 
luminous  flame. 

There  are.  of  course,  some  imjiurities 
ir  tin'  purified  gas.  These  are  com- 
pounds containing  sulphur  :ind  am 
monia.  The  i|uantities  of  these  suh- 
-t.mces.  however,  are  so  sni.ill  that  they 
.ire  harmless;  hut  the  compounds  taken 
nut  in  the  process  of  purifying  the  ga« 
are  saved,  as  considerahle  use  i-  made 
of  them.  Tile  water  used  for  w.ishing 
the  gas  is  heavily  chargeil  with  am- 
niotlia  and  \-.  in  f.act.  the  eh'  f  source 
of  the  aininonia  sold  hy  druggists. 

In  a<ldition  to  co.il  gas  made  in  the 
wav  just  descrihed.  there  i-  aiiotlur 
form  of  illuminating  gas.  in  the  niaiui- 
facture  of  which  coal  is  indirectly  em- 
ployed. This  gas.  known  as  water  gas. 
because  it  is   formed  hy  the  decompo- 
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:f    rrnii    rcctafiffiTliir  It.txes   fillca   with   wuuil   fthavititfs  coaled   with   irun   rust   upon   which    the   k.ilphur 
.•»itpi|    hy    chrniM  al    action. 
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Cos  first  onUT«  inlet  pipe  A  (FIr.  s)  passinj;  alonj;  Ai  into  covered  val/e  ohumhcr  B  up 
throutth  nri--  -n  O.  tt  itien  pa-;sc-s  fl..wn  thnniKli  two  of  the  valvt-  purl^  at  the  sime  tmie,  p'.rts 
C  -ind  P;     1  l;.-fore  Cl  (I'i/.   ^)  has  Kotlon  to  its  exirinic  opening,  the  valve  on  the 

oouo^he  -.-  '  to  allow  Has  to  pass  down  port  O.       On  ever>'  <|iiarter  turn  of  tan  gen  I 

P    one  p.r  •   t.i  reicive  i»as  which  pas>es  down  throu^'h   the  valve  ports  into  the 

chanilK-r    i  in.ws  on  Fi>;.  2),  wliich  shows  tl.^  Ras  passing  nito  chamber  /•.     The 

Dres--ur.'!«-  n  the  outside  of  th<;  diaphraKm,  forces  the  diaphragm  inward  and  expels 

the 'ira^  lr».in  ii.e  iii..ide  of  D2  through  D  and  passes  over  the  cr-iss-har  into  the  tork  channel 
(see  Fie  l>.  On  tlie  other  si.ie  Ras  is  passing  down  throiigh  port  Dl  (Hj;  2)  ent,nn«  diaplirat;m 
Z)3,  tlie  presurc  heiuK  greater  on  the  inside  of  /Jj  therefore  forces  the  diaphragm  outward  and 
expels  the  Kas  from  the  .aitsi.ie  of  <li;ip!uaK:n  A?  ""'  throuKh  port  Cl  into  fork  channel  same 
as  sho«-i  m  iVk.  l).  All  exhaust  gas  from  the  chambers  below  is  checke.!  froin  entennt'  the 
chamber  Ji  l,v  u;e  sli.ii  valve  (i  and  (Jl  (Fi^.  2j.  Instead  of  pa=3ir.R  inlu  caanii.'ei  /*  it  p.:rie^ 
over  the  cr..-    bars  belv-en  DiEl  and  ClEl  into  the  fork  channels,  then  to  outlet  pipe  N 

(Fig.  .•?)  to  house  pilK'. 

Nuie:  Ail  gas  regialereJ  must  pass  through  outlet  JV. 


now  Tl!l    ■  Kiin  (ilTS  INK)  THI.  I  I.ICI  klC  I.KiMT  lU  1.!'. 


>itiiiTi  uf  w.itiT,  is  ]ir()iltui.'l  Uy  |>as^iii!:j 
>ii'aiii  over  red  Imt  cailmii.  in  tlu'  form 
lit  hard  coal  or  cuke.  W'licn  this  is 
iloiK',  till;  liy<lroL;i'ti  in  tlic  slcani  is  sit 
fric  and  tliu  oxymn  coniliincs  chem- 
ically witli  tlic  carlion,  to  form  the  car- 
tioti  monoxi<le.  that  was  mentioned  as 
heiii},'  |)resi-ni.  in  small  jiroportions.  in 
ordinary  coal  jjas.  'This  carhoii  mon- 
oxide is  ])ois()nous,  if  mn<h  of  it  is 
lireathed  and  a-,  it  has  no  odor  it  is 
dilticnlt  to  detect  when  escapinjj.  A 
nnmt)er  of  deaths  have  resulted  from 
water  yas  for  tiii'-  ••eason,  and  in  some 
-tates  tile  laws  forhid  its  use  for  lit^ht- 
ini;  purposes. 

W'lien  water  s^as  is  used  it  must  he 
enriched  with  >ome  other  suhstances 
hefore  it  will  yield  much  lii;ht.  Xou 
ha\e  already  learned  that  neitlier  hy- 
dro^'en  nor  caihon  monoxide  hums 
with  a  hri^ht  tfame.  and  you  will  see 
that  water  s;as  must  have  somethini; 
added  to  it  to  lit  it  for  liKlitinj:;  i>ur- 
]ifises.  The  suhstance  usually  adile<l 
is  the  vapor  of  some  lij;ht,  volatile  oil. 
like  jjasoiine.  Thi--  vaiior  is  com]iosed 
of  compounds  of  carhon  and  hydrojjen. 
and  when  il  is  mixed  with  the  water 
yas  it  forms  ,i  i^a-.  that  yields  a  very 
satisfaclor)  lit:hl  ;  and  that  may  he  ])ro- 
duceil  niori'  clie.ipK  than  common  coal 
j;as. 

riure  remains  one  more  form  oi  il- 
hnnin.-itiui,'  sas  which  has  heen  the  sui)- 
ject  of  much  discussion  in  recent  years, 
namely,  acilxleiie.  This  i>  a  com|)onnil 
of  carhon  and  hyilro^eii.  in  which 
there  is  Iwelve  times  as  much  carhon 
as  hydfoyen.  It  has  not  heen  discov- 
ered recently,  for  it  wris  known  early 
in  till'  nineteenth  century,  hut  its  ])os- 
sihle  Use  for  li^htiui;  ]inr]ioses  was  not 
consiclered  then. 

'Meinion  w.is  directed  to  it  .'i  few 
years  aj;o  hy  the  discovery  of  a  suh- 
stance cilled  calcimn  carhide.  This  is 
:i  compoimd  of  carhon  ami  the  met.il 
calcimn.  formed  hy  heatinsj  to  a  very 
liii;h  tem|ier,itm-e  a  mixture  of  coal  and 
lime.  It  has  the  |ieculiar  iirojierty  of 
ilecom]iosin};,  when  treated  with  water. 
The  i.dviuni  i/le.sent  Coinhines  wilii  llio 
oxyfjen  ami  half  the  hydrofjen  of  the 
water,   to    form    common    slicked    lime 


or  c.iK'inm  hydrate,  while  tiu'  c.irlmn 
and  tile  remainder  of  the  hydroi;en  inni- 
hine  to  form  acetylene  jjas. 

rile  t,'.is  formed  in  this  w.iy  nee<ls 
no  pnritic.itions  hefore  hnrninj; ;  it  can 
hi-  prodnceil  in  small  <,'enerators,  and 
the  iiroijuction  cm  he  checked  at  anv 
lime.  \\  lun  hiirned  in  tlie  jiroprr 
form  of  hnrner  it  yieMs  the  hrii^hli -f 
of  all  f;;is  flames.  I"or  these  reasons  it 
is  .ida]ited  for  use  in  sni.ill  villajjes  ,inil 
for  liijlitinjj  sins,de  houses.  It  is  ah" 
frei|uently  used  in  m;ij.;ic  lanterns, 
where  a  stronj,'  ancl  ste.nly  li;,'hi  is 
necessary.  Hut  the  cost  of  prodnciiii; 
acetylene  in  Iari;e  (juantities  is  ;.;re;it(T 
th.an  that  of  coal  gas.  and  il  seems  ex- 
tremely unlikely  that  it  will  over  he 
mueh  used  for  lii;htin},'  larjje  cities  and 
towns. 


How  the  Light  Gets  Into  the   Electric 
Light  Bulb. 

rile  incmdescent  lamp  was  inventid 
in  1X71)  and  the  ])atents  were  granted 
t"  Thomas  .\.  h'.dison.  There  were, 
however,  a  numher  of  electricil  men 
who  were  workinj;  on  the  ide.i  .it  lhi< 
time  who  deserve  a  t;reat  deal  of  credit 
for  developinj;  the  lamp. 

The  incandescent  lam]>.  wiiich  is  uscd 
cl.ii'll\  for  house  li.L,ditini;.  consists  of  a 
class  hull)  from  which  the  air  has  heen 
exh.msted  hy  ])nin])s  and  chemicd 
processes — in  which  there  is  a  thin  Id.i 
ment  of  tungsten  metal  wound  on  wh.it 
i-  c.illed  an  ;irhor  (  as  shown  in  I'i.s;.  4  ). 
This  nlaineiU  o]i])oses  hi,uh  resistance 
to  the  |>assage  of  the  current  of  elec- 
tricity, and.  conseiiuently.  is  heated  to 
incindescence  when  a  current  passe* 
tliromih  it.  The  removal  of  the  air 
fi<im  the  hull)  prevents  the  tun!,'sten 
inet.al  from  hnrninir  up,  as  it  would  do 
if  oxygen  were  present. 

The  filaments  of  the  first  lamps  were 
in.ide  of  vejietahle  lihre.  The  ik  \t  de- 
velopment was  the  cellulose  jtrocess, 
which  is  still  used  in  carhon  and  metal- 
lized lam]>s.  althonyh  .i  nnniher  of  ]>roc- 
esses  arc  used  now   which  improve  the 

I'lLilUellt    Coll.sider.ihii . 

Tlie    discovery    that    tnni;sttii    n1ei.1l 
Could    lie    u<v>\    in    incandescent    lamps 
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■■■,    !  r«i   lam],    with   a  Tlip  irirbmi   lamp— tlK-  ..1.1-  I  li<-     1  amaliim    lami'    'K 

t   l.aml.on  I'llirc.  i-l      form     .it      iiuaml.%ci.Mil      v.-lopcl     just      hrfr.      tli. 

lamp.  Ma/da    lamp. 


,/aBw 


Stan. lard  Ma/ila  iami) — the 
liiKiust  ilivel.jpmi'iit  oi  the 
iiicaiwUsci-m    lamp. 


Improved  Mazda  lamji  for 
lighting  lafKC  areas — the  most 
efficient  lamp  ever  made. 


WHAT   X.RA\S   ART. 
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\\.-is  mailc  in  Kjrti.  '\'hv  tir^t  tiiii},'>ti.n 
l;;ni|p  iii;mitlactiiri.'(I  in  America  was 
mailo  in   I'joj. 

Tiic  filanKiits  of  the  first  tunj,'sti'n 
lani])s  wire  i-uniin;  ■!  of  two  or  tlircc 
^Iiort  pieces  of  wiru.  In  njio,  however, 
a  lamp  w  iih  a  continuons  timj;steii  fila- 
ment was  invente'l  wliicli  increaseil  the 
strent;l1i  of  the  lamp  wonderfnllv. 

Mri/ila  is  a  tra<le  name  jii\en  to  all 
metal  t'llanunt  lani]is  inaile  hy  the  prom- 
inent American  lamp  manufacturers. 

The  rea-on  that  the  Ma/da  lam]>  is 
-o  nuuh  mole  efficient  than  the  carhon 
filament  lamp  is  ixraiise  the  tnn<,'sten 
lilatnent  can  he  hurned  at  a  inuch  hi},'her 
tem]ieratiire  than  the  jiresent  carhon 
lilanieiit.  willi"i'i  -<r;r.nsly  hlackenin^ 
liie   hull). 

How  Does  an  Arc  Light  Burn  ? 

in  ilie  arc  liL;hl  a  cnrrcnl  of  elec- 
tricity is  maile  to  leap  across  from  the 
up  of  one  rod  of  carhon  to  the  tip  of 
nother  that  is  helil  a  short  distance 
irom  the  tirst.  In  passincj  across  the 
iitrrent  does  not  follow  a  straight  path, 
hnt  niaki's  a  curve,  or  arc,  whence 
conies  the  name  "arc  light." 

In  this  form  of  light  the  carhons  are 
not  endowed  in  a  space  from  which  air 
i-  exclndeil,  consei|uently  there  is  some 
distruction  of  the  carhon.  Tiie  light 
i-  due  to  the  fact  that  the  air  hetwcen 
lilt'  tips  of  the  carhon  rods  opposes  a 
liigh  degree  of  resistance  to  the  cur- 
rent, so  that  the  rods  heconie  intensely 
liot  at  their  tips.  The  high  degree  of 
leaf  cau-es  a  slow  l)uriiing  of  the  car- 
lion  ;it  the  tips,  ancl  the  small  jiartides 
i!iat  hum  are  heated  white  hot  hefore 
iliev  are  consumed,  thus  producine 
li.'ht. 

In  order  to  keep  the  light  from  an 
arc  light  uniform  in  strength,  it  is 
necess.iry  to  keep  the  tips  of  the  carhon 
rods  always  the  same  distance  apart. 
This  is  practically  ini|)c)ssih'e.  and,  n% 
a  result,  the  arc  light  does  not  pro<hice 
light  that  is  well  adapted  for  reading 
or  for  other  purposes  that  require  con- 
stant use  of  the  eyes.  The  light  pro- 
'iuced  hv  the  arc  light  is  very  powerful, 
however,  and  for  that  reason  it  is  much 
used  for  street  lighting. 


What  Are  X-Rays .' 

It  was  discovered  hy  Prnfossor  Con- 
rad  Roentgen   in    1S95,  that   if  a   cur- 
rent   of    electricity    he    fiassed    through 
a  cert.'iin  form  of  glass  hull),  from  which 
most  of  the  air  has  heen  exhatisieil.  a 
■  listurbance   is   ])roduced    in    the   ether 
that   hears   some   resenihlance   to   light 
waves.     luir  want  of  a  hetter  name  to 
give   to  a  disturhance   which   was   not 
well    understood,    I'loentgen    called    his 
di>covery  the  .\-Ray,  hut  it  is  now  fre- 
i|Ui-ntly  called  in  his  honor  the  Roentgen 
ray.     The  nature  of  this  disturhance  is 
not  \et  known,  hut  as  it  does  not  atTect 
the  eye  it  is  not  light.     These  rays  are 
produced  w  ith  a  glass  v.acuum  tuhc  and 
a  hattery  from  which  a  current  of  elec- 
tricity is  sent  through  the  tithe.     The 
wires  of  the  hattery  are  connected  with 
two  electrodes,  one  of   which  <-onsists 
ot  a  concave  disk  of  aluminum,  and  the 
latter  of  a  flat  disk  of  platinuin.     The 
X-rays  are  discharged  in  straight  lines 
•ns  shown  in  the  figure.    The  most  strik- 
ing pro]!erties  of  the  X-rny  is  its  power 
to  ])enetrate  many  suhstances  that  arc 
impermeable    to    light.      All    vegetable 
snh'^tances,   and    the   flesh   of  animals, 
are  penetrated  by  it  very  rea<lilv.   ("da<?, 
metak.  hones,  and  mineral  substances 
generally    are    opa(|ue    to    it.      (onse- 
i|uently,  when  a  limb,  or  even  the  hoilv 
of  an  animal,  is  exposed  to  X-rays  thev 
pass  through  the  fleshy  parts,  but  are 
strapped    by    the    bones.      Certain    sub- 
stances have  the  })roperty  of  glowing, 
ot  becoming  fluorescent,  wheti  exi>osed 
to  the  X-ray,  and  when  scri'cns  of  paper 
are  coated  with  these  suhstances  thev 
form  a  convenient  means  of  detecting 
the   presence   of   X-rays.      By   holding 
the  hand  between  a  tube  that  is  giving 
otT  X-rays  and  a  screen  of  this  kind, 
the  bones  of  the  hanii  will  he  outlined 
in  sh.idow  on  the  screen,  and  the  rest 
of  the  surface  will  glow  with  a  greenish 
light.      If   a   bullet    or   other   piece   of 
metal  has  become  imbedded  in  the  body. 
it  may  easily  be  located,  if  it  is  not  in 
a   bone,  and   the   extent  of  an   injurv 
to  a  bone  or  a  joint   may  he  plainly 
shown.     For  this  reason  the  X-ray  iV 
now  widely  used  by  surgeons. 
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now    M\N  1.1  \um;i)  to  IKiin    wuv. 


How  Mail  Leaiiud  tu  fight  Fire. 

\\  i.iii  \>ui  .^ic  ;'.ic  niuilcrii  tire  I'li^ino 
racing;  tliruus;!]  the  streets,  pnii^s  riii;^- 
iiljr,  with  the  tiremen  han,i;in.L;  im  aiid 
the  piihce  clearing:  the  track,  yoii  >himl.l 
remeiiiher  that  it  lias  taken  man  a  Liit; 
tiiiie  til  learn  as  much  as  lie  has  ahum 
t'liihtin^  lire. 

Xi)  Soulier  dill  man  learn  ti>  make  tire 
than  he  fuinu!  it  necer-ary  to  learn  lujw 
lu  put  it  nut. 

'Ihc  tir>t  tire  aiiparatns  ui  record  is 
foiinil  ill  Kiiiiie.  I'lie  i  iaul>  hiiriud  tlie 
city  in  .V'l)  li.  L'.,  each  citizen  was  or- 
dered to  kee])  in  his  house  a  ■•machine 
for  extinniiishin;.,'  fire."  rhi>  consisted 
of  a  >yrin!:;e. 

Thetir-t  record  of  an  .ictiial  ma'-'''"' 
for  pnttin;.,'  out  lire  is  liy  1  leru  of  .^ 
andria.       riii>    cmitrivance,    a    ■"-i; 
used    in    conllav,'rati.ins."    was    nscu    m 
M^'vi>t  ahout  a  hundred  and  tiliv  years 
l)efore  (.'hri.--t. 

The  lir>t  record  of  what  we  wonlil 
call  a  lire  departmeiii  is  al-o  found  in 
Rome.  A  disi^trous  li-e.  occurriui;  in 
the  reiLjit  of  .\nLrustns  called  his  atten- 
ti'in  to  t!ic  benefit  "f  a  regular  tire  hri- 
fiade  would  hrir.!,'-.  So  lie  ori.:aui7.ed 
a  tire  department.  It  consi>led  of 
.•icveii  comjianies  of  a  thousand  men 
each. 

The  lir-t  real  lire  en:..;ines  were  used 
in  lii.v>  at  a  hiir  lir*-"  on  London  I'.rid^'e. 
The  tir>t  tire  hose  was  invented  by 
tlie  two  \an  der  ileydes  in  l<i72.  One 
of  the  earliest  en.;rines  Used  Onlisisted 
of  a  lank  dr.iwn  hy  two  horses,  which 
threw  a  stream  an  inch  in  diameter  to 
a  height  of  ti'^dity  feel.  .\n  improved 
en^jine  wa^  invented  in  17J1  hy  Xews- 
liam,  of  London,  and  the  tir>i  eu'.;ine 
used  in  the  United  ."^tate-^  was  made  hy 
Xewsham.  The  tir-t  steam  tire  cni:;inc 
was  invented  hv  lohn  liraithwaite.  of 
London,  in  ISJ"*.  " 

I'ire  alarms  c.-imc  into  u^^c  in  medieval 
times.  It  was  the  custom,  in  many  of 
the  towns  to  have  a  watchman  stationed 
on  a  !ii.L;h  huildiui?  whose  diity  it  w.i=. 
to  look  for  fires.  .\s  soon  as  he  saw- 
one.  Ik  nave  warnintr  hy  hlowinp  a 
horn,  firing  a  irun.  or  rinL'inj;  a  bell. 


i  ill.  hi>i  L"iiiliiu  lire  dcpariiiienl  t- 
sisled  of  ten  men  of  e.icli  ward. 

Ilie  first  numiciii.d  .\merican  iiic 
department  w.is  created  in  r>.i>lon  in 
l(i7S.  The  fire  etij^'inc  was  a  hand  pump 
bou:.;lit  ill  I-'nyland. 

The  tir>t  leather  tire  iiose  w,is  made 
in  Anieric.i  in  ISOS  in  i'liiladelfihia. 
Rubber  lio-e  was  first  made  in  l".nL;l;in(l 
at  .ill  ml  18_'0. 


How  Dill  Man  learn  to  Cook  His  Food? 

1  iie  primitive  man  lived  on  raw  food 
— raw  tlesli.  roots,  fruits  .ind  mits. 
'i'iiere  must  h.ive  been  a  time  when  he 
lived  thus  becaii--e  there  wa-  a  time 
when  he  liad  no  tires  .uid  no  kniiwleclt;e 
of  liow  to  make  a  tire.  I'here  are  no 
records,  however,  to  sliow  when  m.m 
earned  tli.it  cooked   foot!   was  be-t. 

It  must  have  come  about  .ilniosi 
n.nltaneoU>ly  with  his  kivwledi^'e  ot 
fire,  for  the  art  of  cookins''  goes 
bad;  to  the  first  kuowled;.;e  of  fire. 
We  do  not  l-iiow  eitlier  how  man 
le.inied  to  ni.ike  a  fire,  '{"he  earliest 
nations  of  which  we  have  any  record 
seem  to  have  been  acquainted  with  lire 
and  Certain  methods  for  produciii'j;  it. 
Xot  only  one  but  all  early  nations  seem 
to  have  been  posse-^seil  of  this  knowl- 
ed.Lje.  (  )ccasiona!ly  tr.avellers  have  re- 
ported that  ]>eop!e  h.ive  been  found  who 
were  nnaci|nainted  witli  either  fire  or 
coiikin','.  l)ut  investiijation  has  alwavs 
[iroven  these  reports  miantheniic.  Cook- 
ery has  always  been  fo;md  in  practici' 
wliere  ])eo]ile  knew  about  fire. 

It  is  strant;c  how  man  has  lost  track 
of  the  bei,'inninyf  of  his  knowIed'.;e  of 
fire  and  cookery,  because  lire  represents 
the  bej^innin','  of  man'>  culture  and 
cookery  i^oes  hand  in  hand  with  it. 

There  arc  many  letfendary  aicounts 
of  how  man  learned  the  value  of  cnokeij 
fond,  all  of  which  arc  based  upon  the 
accident.il  burniiifj  or  roastintj  of  ani 
mals  or  birds.  I'erhaiis,  therefore. 
Charles  Lamb's  "Koa'^t  I'iir"  ^fnrv, 
which  \\e  read  with  much  lauffhter  in 
onr  school  readers,  was  f|uite  accurate 
front  a  historical  standpoint.     Accord- 
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lUi;  Id  tlic  story  a  mail  >  liousi.'  biirucil 
iiul  lie  cried  more  uver  the  fate  of  liis 
pet  |iiii  than  a'loiit  tlie  loss  nf  liis  house. 
He  kept  his  pi^  in  the  h(jn<e  you  will 
reilRiiihtr  and  as  soon  as  the  tire  iHed 
away  lie  ni>lied  into  the  ilehris  to  look 
for  liis  pet  pig.  iMpinj,^  still  to  rescue 
him.  lie  found  him  in  a  corner  and 
made  haste  to  pick  him  ti]!  aii<l  carry 
him  into  the  open  air.  lint  tlie  poor 
pit:  liad  been  roasted  t^  ;:  turn  and  was 
still  lint.  The  man's  fingers  went  right 
into  the  well  done  ""oa^t  pi.,'  and  were 
Imriud.  W  itli  a  crv  he  withdrew  lii- 
fingers  and  put  them  into  his  month  t-i 
lilow  on  them  ami  thus  he  secured  his 
first  taste  of  ro;st  pig.  which  he  roun(J 
so  mticli  to  his  ta-Ie  that  he  repeated  the 
opiration  of  licking  his  fingers. 

While  this  is  hnt  a  -tory,  it  is  f|uitc 
likely  historically  correct  as  to  this  dis- 
cover\  of  the  value  of  cooked  food 
to  snnie  of  the  early  nalinns.  \o  donht 
I'irc  and  ("ookcry  were  developed  to- 
gether. 

When  man  had  Kanud  to  make  fire, 
he  found  that  it  often  got  beyonil  his 
control.  Here  and  tliere  he  would  set 
the  woods  on  fire  (|uite  with.iui  inten- 
tion perhajis,  hut  with  I'amaging  results. 
He  would  watch  the  conflagration  and. 
when  it  was  passed,  he  would  find  the 
baked  bodies  of  deer  or  other  animals 
which  had  been  overcome  by  the  fire 
and  learned  that  baked  meats  were  good 
to  the  taste  and  more  easily  digestible 
than  raw  meats. 

Why  D"es  a  Sponge  Hold  U'lter? 

■  \  sp. iiige  will  hold  water  because  it 
has,  on  account  of  tlie  plan  on  which 
it  is  grown  the  power  of  caji'dary  at 
fraction,  'riic  sponge  is  made  up  of  little 
hair  like  tubes.  If  yon  take  a  t^Iass 
tube,  open  at  both  ends  and  immerse 
one  end  in  a  vessel  of  water,  you  will 
find  that  the  water  will  rise  in  the  tube 
to  a  level  higher  than  the  surface  of 
the  water  in  the  vessel.  The  smaller 
the  hole  through  the  glass  tube,  the 
iiigher  the  water  will  rise.  I  his  is 
caused  by  the  cohesion  of  the  water 
against  tlie  inside  surface  of  the  hole 
in  the  tube  aiul  cati'.es  a  ptil!  uinv.nr>' 


I  lie  uati""  is  pulliil  nil  into  the  liibe  be- 
cause the  surface  of  the  tube  has  a 
greater  ct.Iiesive  attraction  for  llio 
w.iter  than  for  the  .lir  which  was  in  it 
and  the  air  is  forced  out  p.inlv.  ."^ome 
lii|uids.  >uch  a-  mercury  will  not  rise 
in  the  same  way,  but  is  ilepressed  in  .i 
glass  tube,  since  it  cannot  ailhere  to 
i;lass.  Mercurv  however  will  run  or 
rise  ill  a  tin  tube,  just  as  w.iier  in  ,i 
glass  tube,  because  it  adheres  to  the  tin. 
.\o\v  a  sponge  is  merely  a  lut  of 
cripill,iry  tubes  which  have  the  s.inie 
power  of  pulling  up  the  wat'T  as  the 
glass  lube.  The  tubes  in  a  sfmnge  .ire 
so  fine  th.tl  the  water  will  rise  to  the 
eiitite  length  of  the  tubes.  In  ;iddition, 
this  ;idlu-ive  i|uality  of  water  to  the  in- 
M<le  of  the  tubes  in  the  sponge  is  so 
strong,  th.at  the  sponge  can  be  taken 
entirely  out  of  the  w.aler  and  the  wafer 
will   rem;iin    in   it. 

Why  Is  the  Right  Hand  Strniiger  Than 

the  Left '. 

The  rit;hl  band  is  strf)ngt.r  than  tlie 
left  only  in  case  you  are  righldia'idid. 
If  \ou  have  the  h.ibit  of  being  left- 
h.nided,  your  left  li;ind  liccomes 
stronger.  If  yun  ;ire  trulv  anibi(|eN- 
trous.  your  strength  will  be  the  -aiiio 
in  both  li.mds. 

We  get  otir  strength  by  moving  the 
v;irious  parts  of  the  body.  i.  e..  bv  using 
tliem.  When  a  little  b.ib\  stretches  his 
arms  and  legs  .iml  kicks,  he  is  onlv 
exiTcising  naturally,  making  the  blood 
circnl.ate. 

\''m  can  prove  tli;if  the  fact  th;if 
your  right  hand  is  stronger  than  vour 
left  bec.iusc  of  the  greater  use  or  exer- 
cise you  give  it.  by  tying  your  right  .irm 
close  to  your  side  and  keeping  it  in 
that  con  litiou  without  using  it  for  sev- 
eral weeks.  When  ynu  remove  the 
bands  which  held  if  tight,  you  will  find 
ynur  arm  has  lost  i;s  strength  and  that 
now  your  left  h.-im'  is  stronger.  If, 
however,  you  are  left-handed  and  lie 
th.'it  hand  down  for  the  s.ime  length 
of  time,  vour  rivjit  li.iiid  would  lu'  tin- 
stronger.  This  shows  that  the  strength 
we  have  in  our  arms  and  legs,  .and 
other  parts  of  the  body,  is  developed 
b\  nsiiv  ibnni  and  giving  them  rntioiuil 
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I  \n\i^e.  <  M  idiir^i'.  U  IS  |ii)^-ilili-  to 
"iv»T-u-o  a  i>art  of  tlic  lioily.  Imt  you 
will  iiotiii-  that  nature  always  jiivcs  us 
a  wariiiiiv:  liy  makiiii;  u>  tin.'<l  lu't'iirc 
wo  iiinii'  to  tin-  piiint  wluTi-  liirtlicr 
ii-c  (if  that  partiiail.'.r  |>arl  of  tlio  Ixxly 
wmiM    cau-c   itiinry. 

Wliy  Do  My  Musrles  Get  Sore  When  I 
P'ay  Belli  In  the  Spring? 
riu'v  do  ilii^  litvauso  you  liavo  prob- 
ably not  bfcii  fXiTci-itij;  tin-  partinilar 
imi-iK--  wbiili  you  employ  in  tbrovvl'it; 
a  ball  vnou!,'li  in  tin-  wintiT  to  kcoji  you 
in  i,'(i(pi|  rnniliticiii.  MuscK-s  whicli  have 
liii'n  ilivildpfil  through  use  or  work 
luid  ninrc  work  to  koip  tluin  in  con- 
ilitiiin.  In  a  siMiso  oi-rtain  of  the  inus- 
cKs  which  you  employ  in  jilayin;,'  ball 
have  been  trealeil  duriiii;  the  winter 
very  nufh  as  if  you  bail  tieil  them 
ilowii.  as  we  sujiKi'^t*"'!  you  mitjht  do 
with  your  arm.  You  have  not  been 
if-ini,'  (hem — they  have  not  been  doing 
enough  work,  and  they  liegin  to  lose 
their  strengtii  when  for  any  jieriod  they 
have  not  been  Used  enough.  The  sore- 
ne--;  that  \ou  feel  i"^  the  natural  con- 
dition tiiat  arises  when  you  begin  to  use 
a  mu>clc  that  has  been  idle  for  some 
time. 

Why  Does  a  Barber's  Pole  Have  Strities? 

In  early  yc.ir>  the  liariiLr  ui'i  luily  cut 
hair  and  shaved  people,  but  he  was 
aNo  a  surgeon.  He  wa>  a  surgeon  to 
the  extent  that  he  bled  people.  In  early 
times  our  knowledge  of  surgery  was 
prticlically  limited  to  blood  letttng.  .\ 
great  many  of  the  ailments  were  attri- 
buted to  toi)  much  blood  in  the  body, 
and  when  anvthing  got  wrong  with  a 
m.in  "T  woman,  the  first  thing  they 
tlii'Ught  of  wa-  to  reduce  the  atnomit  oi 
bli'od  in  the  h.  .d\  by  taking  some  of  it 
out. 

The  town  i)arber  was  the  man  who 
did  this  for  jjeople  and  his  pole  repre- 
sented the  sign  of  his  business. 

The  round  ball  at  the  top  which  was 
:.^enera'ly  gilded  represent.S  tile  bal'x-r- 
ing  end  of  the  business.  It  stood  for 
the  bra~s  basin  which  the  barber  used 
to  prepare  lather  for  '^havincr  customer^ 


I  lie  ]M'le  It^eil  represriit^  tiic  >Mll 
which  people  who  were  having  blu'id 
t.iken  out  of  their  bodies  held  during 
tie  oiier.ition.  The  two  sjiiral  riltbons. 
otie  "vd  anil  one  white,  which  are 
paintid  -pirally  on  the  pule,  rejireseiiled 
the  b.iiidage^.  The  white  mie  stiiml  for 
the  liandage  which  wa>  put  mi  before 
tlie  bloo<l  w.is  taken  otn  and  the  red  one 
the  bandage  whicii  w.i>i  used  for  hind 
ing  n|i  the  wound  when  the  operation 
w.is  com|iletci!. 

How  Was  the  Flag  Made? 

rile  design  ot  uiir  ilag  wa^  outlined 
ill  .1  ciingressional  resnlntion  pa<>erl  on 
jime  14,  177",  whicli  -tated  "thtit  the 
tlag  of  the  thirteen  I'liited  States  be 
thirteen  alternate  strijies  red  ;ind  white; 
that  the  nnion  be  thirteen  stars,  white 
in  a  blue  field,  reproeiuing  the  new 
constellation."  Alter  \  erniont  and 
Kentucky  had  been  admitted  to  the 
I  nil  III.  ('ongrcss  ni.ide  a  decree  in  17' '4 
tiiat  after  May  I.  17''.^.  "the  tlag  of  the 
I'nited  Stales  be  tifteen  stripes  ;ilternatc 
red  and  white  and  thtit  tlie  I'nion  be 
fifteen  i-t.-ir^  white  on  a  hiite  held.  "  Tlii-- 
made  the  stars  and  stripes  again  e(|u.il 
and  it  was  the  ])l.an  to  add  a  new  stripe 
and  a  new  star  for  each  new  -.tate  ad 
mitte<l  to  the  rnion.  \  ery  soon,  how 
ever,  it  was  realized  th.at  the  tlag  wouM 
be  too  large  if  we  kept  on  adding  one 
stripe  for  each  new  st.iie  .idmitted  to 
the  I'nion,  so  on  .\pril  4,  1S1,*<,  ("on 
gross  passed  a  resolution  reducing  the 
number  of  stripes  to  thirteen  mice  more 
to  rejiresent  the  origin.i!  colonies,  .-md 
to  add  only  a  new  star  to  the  fielil  when 
a  new  state  was  admitted  to  the  I'nion. 
At  this  time  there  were  twenty  states  in 
the  I'nion.  Since  that  time  none  of 
the  flags  of  the  I'nittd  States  have  more 
than  thirteen  «trii)e'  while  a  new  star 
has  been  added  for  each  <tate  until 
now  we  have  forty-eight  stars,  reprc 
senting  the  forty-eigh;  ti^ites. 

Whv    .".r?    Soms    Guns    CTllfd    G.Tt!;;;" 
Guns  ? 

A  galling  gun  i~  a  kind  of  gun  in- 
vented  bv  Richard    Jordan   Catling  In 
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iM>l  ,111(1  IS(>J  aiiil  Ml  u  i(.-i.ti\i->  ..- 
tuiiiK'  from  its  inventor.  The  (irt);in:il 
iiatliiij;  yiiii  had  ten  parallel  barrels  ami 
was  capable  (if  tiritif^  l.tXMt  sh(>t>  jier 
inimite  when  Djierated  liy  hand  pnwer. 
It  was  (lischarj,'e''  h\  tiirninj;  a  crank 
ind  wiiiild  sill  (It  in  prupdrtion  lu  the 
riiiidity  with  which  the  crank  was 
turned.  It  waN  at  tirst  not  a  hui;c  snc- 
n-s  hut  ha>  Iroiii  titiie  tn  time  been 
imiiroved  so  that  the  crank  is  now 
;iirneil  liv  electric  power  and  about  til 
Inn  hnndred  shots  per  minute  can  be 
lircd  w  itii  it. 

How  Did   Hobson's  Choice  Originate? 

\>  iiM.d  I  dav.  tills  e\pre.^sioii  uiean- 
,1  ,'hoice  with  only  one  thini;  to  choose, 
lobias  llobson  was  a  livery  stable 
keeper  at  I'anibriil^e,  l".nL;land.  during; 
the  reiu'i  of  Kini;  Charles  I.  lie  kept 
,1  -table  of  fort>  !ior-es  which  he  hired 
out  by  the  h'>nr  or  day,  and  was  famous 
in  his  day  -o  far  as  a  livery  stable 
keeper  could  be. 

When  yon  went  to  Ibibson  to  hire  a 
horse,  von  had  the  privilege  of  looking; 
over  .ill  the  horses  in  the  stable  to  de- 
ride which  one  you  wiuild  like  to  drive. 
but  he  alway-  made  you  take  the  <ine 
in  the  -tall  nearest  the  door.  In  this 
way  all  the  hor-e-  in  the  stable  were 
wurkeil  in  turn  and  while  you  miijht 
pretend  to  choose  vour  own  horse,  yon 
re.illy  li.id  no  choice — yon  had  to  take 
the  one  nearest  the  door  or  none.  \- 
-o.  .11  .-I-  a  horse  was  hired,  the  other 
Iior-es  ill  the  -table  were  moved  n|i. 
each  one  to  the  -t.ill  ne\t  towards  tlu 
door  so  there  w;is  alwa\s  a  horse  in 
the  stall  neare-t  the  door. 


Why  Do  Thry  Call  It  a  Honeymoon  >. 

The  woril  i  loiievmoon  which  i-  com- 
monly used  to  describe  the  first  few- 
weeks  after  marriape,  has  always  meant 
the  first  month  or  moon  after  niarriasje. 
but  does  not  have  any  reference  to  the 
iiioiith  or  moon  excepting  as  that  de- 
scribes a  certain  period  of  time. 

The  word  originated  in  an  old  custom 
Miiite   common    anion:^    newlv    married 


1  iiilpie-    alliuils;    tile    .imielil     leUiiili-    ul 

drinking;  a  kind  of  wine  made  from 
hoiiey  dnrint;  the  first  thirty  days  .after 
beini;   married. 

In  these  days  newly  married  couple- 
L;enerall\  take  a  triji  away  from  home 
fur  a  siiort  or  lon;;er  period  .after  their 
vveddin:,'  da\  and  this  i-  called  tlu- 
honeymoon  whetlier  it  is  but  ;i  few  d,iy> 
or  three  months  or  more.  The  cu-tom 
of  drinkin.;;  wine  made  from  honey  has 
iieen  abandoned  so  that  the  word  i- 
iiow  used  in  an  entirely  ditlerent  seii-e 
than  formerly. 

Wbv  Is  a  Horseshoe  Said  to  Bung  Goixi 

Luck  ' 

I  lie  luck  oi  ilie  horseshoe  come-  from 
three  lucky  thintis  always  connected 
with  horse-hoe-.  These  consist  of  the 
foljiiwinij  facts:  It  is  the  sh;i|ie  of  a 
crescent;  it  is  a  portion  of  ;i  hor-e;  it 
Is  made  of  iron. 

I'!ach  of  the-e  has  from  time  ini 
memorial  been  considered  lucky.  .\n. 
thing  in  the  shape  if  a  crescent  was  al 
w.'iys  considereil  a  tiling'  to  brini,^  luck. 
I'rom  the  earliest  times,  too.  at  least 
since  the  world  knew  somethinu  '>•  'I'l' 
iiualities  of  iron,  iron  has  been  re- 
i;:irde(l  as  a  thiiii,'-  to  j^iw  proieclioii 
and  incidentally  that  would  involve 
Kooil  luck.  And  lastlv  the  horse,  since 
the  cla\  s  of  I-".nL,di-li  m\  tholo^v ,  h;i-  been 
reyjarded  as  a  luck  animal.  When,  then, 
we  had  a  combination  of  ;he  three — 
the  crescent,  the  iron  atnl  the  hor-e  in 
one  object,  it  became  a  trif  lucky  -ii,'n 
in  the  eyes  of  the  peojile. 

Some  Wonders  uf  the  Human  Bndy, 

I  iiere  ,'ire  -:ii<l  U)  be  more  th.iii  two 
million  little  openinj;s  in  the  skins  of 
our  bodies  to  serve  as  outlets  for  an 
e(|ual  number  of  sweat  sjlands.  The 
body  contains  more  than  two  hundred 
hones.  It  is  said  ih.it  as  much  blood 
as  is  in  the  entire  bodv  pases  through 
the  heart  every  minute,  i.e.,  all  the  blood 
in  the  body  <;oes  in  and  out  of  the 
he.irt  once  every  miiuite.  The  \wv^ 
capacity  of  the  averajje  person  is  about 
.\25  cubic  inches. 

With  everv  breath  von   inhale  about 
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HOW     IMI     WOUl)    "MWS"    OI-rUilNMI  I) 


tuo-tliiril>  .■!  a  iiiiit  of  fri'>li  air  aiul 
ixlialc  ail  t'i|iial  an'omit  it  you  huatlic 
iiurmally. 

Tilt.'  >lcmiaili  lit  till'  avcrafii-  aihill 
IHT-oii  lia.>  a  ia)>acily  cil  alxiiil  fuc  iiim» 
ami  maiml'aclurcs  almiit  iiiiii'  ]i(itiiiil'>  •'! 
ua-irii-  ju'wv  "laily. 

I  luTi-  arc  iiviT  livi'  hiiinlriil  mn>i.-k>  in 
llii  111  Illy  all  iilwliicli  nIhuiIiI  In'  I'xrrii^i'il 
ilaily  til  kei))  \mii  in  tin.'  Iic»l  iiiinliliiiil. 

Ilk-  av(.-rai;i.-  ailiill  liuinan  luan  ui'iijh> 
tiuiii  iij,'lii  In  twilvc  iiuiu-cs  and  ii  ln.at> 
aliuul  Idii.iMX)  tinii'-i  cviTy  twiiitx -tuiir 
iiinirs.  i'lu-  inrspiratiiin  sy^ti-ni  in  the 
!i<iil\  ha^  only  very  small  iliu't>  ur  iiijiis, 
lint  iluri'  arc  ali'iiit  tiini.'  miles  oi  tlicni. 

rill'  avciaj^i-  piT^iin  takes  almiu  one  tun 
III  foul  anil  ilrink  eaeli  year.  We 
lireatlii'  aliDilt  eiirlileetl  times  a  inimite. 
v.liiiM    aniutiii:  '    ut    .\(X)(»   ciiliic 

I'eet  ail  liiinr. 

Where    Did   the    Expression   "Kii  k    the 
Bucket"  Originate? 

1  he  e\])reNsii]n  i'riu;iii.i,i,  i.iun  ii..iii 
tlie  uietlioil  nscil  in  strinuini;  a  lio;; 
al'ler  killint;  it.  The  pii^:  after  heini^ 
^!ani;litereil  was  Iniii:;  liy  liy  tlie  liiml 
!es>.  A  [lieie  ot  lieiit  woiul  was  ])a-seil 
in  lieliiml  the  lemlons  of  each  of  the 
liinil  lens  ,iiul  the  jiii;  luiii!;  ii|i  by  thi^ 
-tiek  Ml  wiMjil  iinieh  like  we  liaiiLj  n]i 
il  •tiles  with  a  el.thes  hanjjer  tmlay 
The  ]iieei'  of  wood  wa>  called  a  liiieke: 
rile  "hneket"  part  of  the  exjiression 
due-  not.  therefore,  refer  t'l  a  hneket  at 
;il!  hut  to  this  bent  piece  of  wonij.  All  are 
III  a  ai^reed  on  this  explanation,  how- 
ever, .as  it  does  not  explain  where  the 
"kick"  en-iies  in.  .Many  inve-ti^ators 
liol  to  the  lielief  that  a  mail  n.inied 
l'.ii!-over  was  the  first  to  "kick  the 
Imcket"  literally  and  that  the  expre- 
-i.'it  came  from  the  manner  of  his 
death,  lie  stood  nil  a  pail  or  Imcket 
while  arrani:ini;  to  Iimiil;  himself  hy  ty 
ini;  a  rope  around  hi-  lU'ck  and  to  a 
lieani  which  he  CMiiid  iMt  reach  with 
lint  -tandiiii;  on  the  hneket.  W  lieu 
readv  lie  kicked  the  Imcket  nut  froin 
under  Ills  leet  and  so  sncceeiled  in  c;ir- 
rxiiij.;  out  his  mwii  wishes  and  in  so  do- 
in;^  coined  a  f.inion-  e.xjiressiiiu  which 
-li!l  Mie:ins  "to  die  " 


How  Did  the  Word  "News    Ontfinate  J 
rile  word  "News"  which  was  created 
to  descrihe  what  newspapers  arc  suji 
po-ed    to    jirint,    came    from    the    four 
letters  which  have  for  a.ijes  been  '.ised 
.Is    ahhreviations   of    the   directi^iiis   oi 
the    compas>.      In    this    .\    -taiids    fur 
.North,  \'.  for  Kast,  S  for  .^outh  and  W 
lor  West,  and  in  ilhistratini,'  tlie  imiiit-. 
of  the  conipa-s  the   fnllimitiL;   ilia;.;raiii 
has   Ioiil;   been   ii-ed: 
\ 

I 
\V-  —  K 

I 
S 

The  earliest  newspapers  always 
firinted  this  si^n  on  the  front  |)a.!.;es  of 
tlieir  p.ipers  in  every  issue.  This  was 
done  to  indicate  that  the  paper  printed 
.all  the  liappeiiin.ns  from  four  i|ii;irtcrs 
of  the  '.d'lhe. 

Later  on  some  eiilerprisiiifj  neu- 
p,i,)er  '"lan  who  may  have  for)»'otteii  the 
iiri.!,niial  siprnitlcance  of  the  letter  in  the 
diagram,  arrantied  the  letters  \.  !•'..  W 
S  in  n  straijjlu  line  at  the  head  of  the 
p:i(ier  and  that  i-  how  what  ue  read  in 
the  papers  came  to  he  known  as  new^. 

\lmosi  one-half  the  whole  iiumher  of 
newsp.ipcrs  published  in  the  world  are 
piibli-hed  in  the  rnited  States  and  Cv.'A- 
a-la. 

Who  Made  the  First  Umbrella? 

.\o  iiiie  ku'iws  \\\\ti  iii.ide  tile  tir-l 
umbrella  but  we  know  that  Jon.is  I  Ian- 
way  of  T.ondon  was  the  tirst  man  to 
carry  one  over  hi-  head  to  keep  olT  the 
rain. 

l"nibrellas  -eem  to  have  been  known 
:is  far  b.ick  as  tlie  days  of  Xinev.ah  iiiid 
I'ersepolis,  for  representations  of  them 
appear  f  •.'(juently  in  the  -culptures  "t 
those  early  days.  The  women  of  an- 
cient Rome  and  (Ireece  carried  them 
but  the  men  never  diil. 

Mr.  Ilanway  is  said  to  be  the  first 
man  who  walked  in  the  streets  of  Lon- 
don with  an  open  umbrella  over  his 
head  to  keep  oft  the  rain.  lie  is  said 
to  h.ive  used  it  for  thirty  years  before 
they  came  into  i^ciieral  use  for  this  jiur 
pose. 


HOW    AWN    l.nARNnt)   TO   Till.   TIMI: 


M.i 


Tile  first  iiivtiiii-  slmw.  what  w.is  pri'lialily  man's  lirst  nittliml  nf  tclliiii;  tiinf.  Tlie 
IiriiuipU-  was  the  same  as  that  of  the  sim-ilial.  It  pnivMcs  to-ilay  an  acrnrali-  nn-tlnnl  nt 
tclliiiK  tiiiu'. 

Of  C'liirse.  man  in  the  early  days  needed  to  find  sonio  nther  means  of  notion  the 
I'lssniK  c,i  time  at  r.iijht,  f'-r  then  the  snn  oast  tn^  shallow  fnr  him.  Mis  inijennity  taimht 
him  to  make  a  landli-  which  was  liulil  :itid  dark  in  all'-rnate  rin^s.  and  as  each  sfcli'Mi 
I'liriicd  he  made  a  nark  to  record  tin-  passini;  of  a  certain  length  of  time.  I'lforc  c.imllcs 
were  invented  he  used  a  rope  in  which  he  tied  knc^ts  at  eijual  spaces  apart  and  which  he 
Inirncd  as  shown  in  'he  third  picture. 


"Fhc    St()r\    in    a     lime    Piece 


What  'fs  Time  ' 

i  itiK-.  .Is  a  ••I']  1,1  rale  entity,  lias  not 
\i  tiecii  iletine«|  in  lan^iia'.;o.  Delini- 
liims  will  lie  totiml  t"  lie  iiureK  ix- 
planatidiis  ui  tlie  scnsf  in  whiili  wt-  use 
the  \\(iril  in  matters  of  (iractical  life. 
.\(>  htinian  heini;  can  tdl  liow  Innu  a 
nnniite  is  ;  only  tliat  it  is  longer  than  a 
-eeotid  anil  shorter  than  an  hotir.  In 
some  sense  we  can  think  of  a  longer 
iir  ^liiirter  perioil  iif  time,  hut  this  is 
ii'.'.r'.b.  '.-nnij.'anitive.  Ph.e  'litTerenee 
lietween  50  ;inil  75  stejis  a  minute  in 
marchin.o  is  ckar  to  us,  hut  note  th:it 
ui-  introduce  motion  ami  sp.ace  hefore 
wr  ran   eet   .1  oiiice|ili(iii   of   time  as  a 


^lieee-Mun  nl  events.  Inn  imu-.  111  il'-elt, 
remains   elusive. 

In  time  meastires  we  strive  I'ur  a  imi- 
iiirm  motion  of  sumethini;  and  this 
ini|ilies  eijual  si)a  "es  in  eiiual  times:  so 
we  here  assume  just  what  we  cannot 
explain,  for  sjiace  is  as  dit'ticult  to  de- 
fine as  time,  'rime  eaimot  he  "sijuared" 
or  used  as  a  multiiilier  or  divisor.  <  'nly 
numbers  can  he  so  used;  -o  when  we 
speak  of  "the  S(|uare  of  tl  e  time"  we 
mean  some  numher  whieli  w  have 
arhitrarily  .issinnei!  to  represetil  it 
riiis  heeomes  plain  >.\hen  we  -tate  th.it 
ill  ca'eulalions  relating  to  pendtdums, 
for  exam|ile.  we  may  use  ^^  i-onds  ;ind 
inelics — minutes    and    feet — or    seconds 
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ali'l  IIRUI-  .ni'i  iiK-  .m-wiT  will  <'niiu- 
(1111  riglit  in  tlu'  unit-"  uliiili  wi-  liavr 
.•|s'<iiiiu'>l.  Still  nii)ri\  iimiiluT-.  iIumii- 
»fl\rs  havi'  11(1  iiK'atiiiii;  till  ilu\  arc 
,i|'iiliii|  Id  ^(iiiK'tliin);.  ami  liiTi-  wi-  are 
ai)|ihinR  llicni  t"  tiiiu-.  space  anil  ma- 
tidti ;  so  \\r  arc  Iryiiij;  to  ixplain  three 
ali-tractidiis  li\  a  toiirtli!  liiil.  liaii|>ily, 
the  results  <>|  (lie»e  assviin|iti(ms  and 
calciilations  are  lM)rnc  out  in  ]>ractii-al 
litnnaii  life,  and  xvc  are  not  conii  clleil 
to  settle  tile  (Icep  (jucstion  as  to  whcllicr 
irnilamcntal  knowledge  is  jwisNiMe  to 
tin-  litinian  niiiid. 

What    Was    Man's    Fust    Division    of 

Time? 

lAideiitly.  man  l)e;L;ail  li\  iiiii>idcrm;^ 
tlie  (lay  as  a  unit  and  did  not  inchide 
tlie  niylit  in  liis  time-kceiiinj;  for  a 
lonj;  pcrio'l.  "And  the  evenint;  and 
the  niomini,'  were  the  first  day,"  tieii. 
I.  5:  "F'.veiiinj;  an(l  niorniiii;  and  at 
iiooniiay,"  I's.  Iv.  17.  divides  the  <lay 
("sun  ti])"  I  in  two  jiarts.  "h'ourlh  part 
of  a  day."  \ch.  ix,  3,  shows  riiiotlur 
advance.  Then  conies,  "are  there  not 
twelve  hours  in  a  day."  John  xi.  i(.  The 
"eleventh  hour."  Matt.  xx.  I  to  i_». 
allows  dearly  that  sunset  was  1  _• 
oVlock,  .\  most  rcniarkahle  feature 
of  thi-  udmur  day.  in  the  New  Tcs- 
tanient.  i--  that  the  writers  jjenerallv 
spe.ik  of  the  third,  sixth  and  ninth 
hours.  .\cts  ii.  15:  iii.  i;  x.  ().  This 
i  extremely  interestiii};,  as  it  -hows 
tl'.at  the  writers  still  thoufjht  in  (|uarter 
rla\s  (  .\eli.  ix.  .SI  ami  had  not  yet 
.ici|tiireil  the  iJ-hour  conception  .uiven 
to  them  liv  the  Roni.ins.  They  thoiii.;lit 
in  (|ii;irter  da\s  even  when  usini;  the 
iJ-hi'ur  luiiner.'ils!  .Vote,  further,  that 
references  ;ire  to  "hours"  ;  so  it  is  evi- 
dent that  in  New  Testament  times  they 
di<i  not  nee>l  -m.iller  -uhdivisions. 
".\i>oiit  the  third  hour"  -how-  the 
mental  attituije.  Tli.-it  rhey  h.nl  no  cmi- 
ception  of  our  miiuites.  se-omls  and 
in'th-sccoiKl-  lieconies  i|uite  pl.iiu  when 
we  notice  lh.it  they  juni]ied  dnwn 
from  the  hour  to  nowhere,  in  such  ex- 
jiressioii-  as  "in  ;in  instant-  111  the 
twinkliiii;  of  an  eye." 

Ilefore  thi-  the  ni<;ht  had  been  di- 
vide.1      iiifii      thri-e      w^itchc-      1  !udi,'i's 


Ml.  \<)).  I'oelrv  til  till-  lias  u-e-  tile 
"hours"  and  the  "w.itches"  as  -ymhols. 

This  twelve  hours  of  d.iyli^ht  havc 
very  vari.ihle  hours  in  latitudes  some 
(list.'ince  from  the  e'|Uator,  heiiif;  l(»n>» 
in  summer  .iiid  short  in  winter.  The 
amount  of  luiiii.in  injjemiity  cxjiendcd 
on  time  nieasiires  so  as  to  divide  the 
time  from  -unri-e  to  sunset  into  twelve 
ei|ual  jKirts  is  almost  heyoiid  helief.  In 
ronst.iiitinople,  to-day,  this  is  use(l,  hut 
in  a  rather  imperfect  manner,  for  the 
clocks  are  modern  and  run  twenty- four 
hours  uniformly:  so  the  hest  they  can 
do  is  to  si't  th'.iu  to  mark  twelve  ;it 
-imset.  This  necessitates  setting  to  the 
\.ir\iiij;  lentjih  of  the  davs,  so  that  the 
clocks  ;ip]>e;ir  to  he  .sometimes  more 
and  sometimes  less  than  six  hours 
ahead  of  ours.  .\  clock  on  the  tower 
at  the  .^nll.in's  priv.ite  mosi|iie  tjives  llip 
impression  of  heint;  out  of  order  .ind 
ahout  six  hours  ahe.id.  hut  it  is  nmninc; 
correctlv  to  their  system.  Hotels  in 
ronstaiitinople  often  show  two  clocks, 
one  of  them  to  our  twelve  o'clock  noon 
system.  I'.videiitly  the  Jewish  luethnd 
of  endinjj  a  day  ;it  sunset  s  the  s.ame 
.•111'!  explains  the  comni.ind.  'let  not  the 
-nil  K"  down  upon  tin  wr.iti.  "  whii'li 
we  niitjht  read,  "do  not  c.i'ry  yniir 
anjjer  over  to  another  da\." 

This  sinipli'  line  of  sti-p-  in  rlividinij 
till-  d.iy  and  iiiyiit  i-  t.ik  n  principally 
from  the  HiMe  hecau-e  every  one  can 
easily  look  up  the  p.assaijes  (|Uoted  ;ind 
inanv  nnjre.  while  (jnotations  from 
hook-  niit  in  jieneral  use  would  not 
111-  -II  liiar 

How  Did  Man  Begin  to  Measure  Time? 

Xou.   a-   to    tile    lllelllii(l>   1)1    llle.l-UI' 

irp  time,  we  must  use  circumst.intial 
evidence  for  the  prehistoric  period.  The 
risiiifj  and  the  );'>i"K  'lown  of  the  -uii 
—the  lens^'thenitiK  shadows,  etc..  iiiu-l 
come  first,  and  we  are  on  safe  trronnd 
lure,  for  savajjes  still  use  (iriinitive 
methods  like  settinj;  up  a  stick  .ind 
niarkiiifj  its  shadow  so  that  a  party 
t:-:iilinf;  hehitid  can  estimate  the  dis- 
t.mce  tlie  leaders  are  ahead  \t\  the 
(hanjjed  position  of  the  shadow.  Men 
notice  their  shorteniiii;  and  lensjthi  niiiij 
-hadiiw-  til  llii-  d,'         W'luii  the  -li.idow 


HOW     riMI     l!^    CM.ClI.ATi:!)    AT   SIA 


;ti:. 


Ill  .1  111.111  >linrtfii^  iiiiirf  .iii'l  iiiiir<' 
slowly  till  it  ;i|>i>i-;irs  to  |)f  tixfil.  tin 
<il)>crvfr  knows  it  is  iiooti,  aixl  wlu-ii 
It  shows  iln'  least  olisiTvabli-  li-iijjtlicn- 
mj;  lliiu  it  is  just  |)ast  noon.  Now,  it 
is  a  ri-niarkal)lc  I'ait  lliat  this  cruclc 
nictlioii  (il  ik'tirminin;,'  noon  i>  ju-t  the 
same  a-  "takiii).;  the  sun"  to  deterniine 
noon  at  sea.  Noon  is  the  tune  at  which 
the  sun  roathes  his  highest  point  on 
aiiv    u'iven    <ia\. 


liMic  IS  iiii]iortant,  se\(.r.il  o||iier>  on  a 
l;irj,'e  shij^  will  lake  the  meridian  |ias- 
-a>;e  at  tlu-  same  time  ami  average  tluir 
iiailinns,  mi  as  tf>  reihu'i'  the  "|>iTsoiial 
error."  All  of  which  is  nierelv  a  jjrealer 
ileKtee  of  accuracv  than  that  of  the 
man  who  observes  his  shadow. 

'Ilu  gradual  drvelo|>merit  of  the 
]iriniiti\e  shadow  methods  etllminated 
111  the  nioilern  sun-dial.  The  "dial  of 
Alias"  (Isa.  xxxviii,  8>,  on  which  the 


Tin-  Siin-dial  i>  mili  ;in  iiiipnivcnit-m  uii  tin-  -lick  uhi.li  ...m 
mail  to  till  llie  tinu  .■!  (l..>  ,a  .lUy  iiuur.  Tlu  -li.iii..\s  iii.'m-  ,ir. 
the  number.*  on  the  circle. 


-li;p|nw   uhich    r::,!!  I.  .1 
>h\    l!if    dull.    l:iliiiiK   .III 


How  Is  the  Time  Calculated  at  Sea? 

\t  >oa  this  is  determined  ^'enerally 
li>  a  se.xlatit,  which  simply  measures  the 
anj;U  iK'tween  the  horizon  and  the  sun. 
The  instrument  is  applied  a  little  lief  ore 
noon  and  the  observer  sees  the  sun 
crcepinjj  upw.ird  slower  and  slower  till 
a    little    treiiiiir    or    liesitalinn    ap[)turs, 

iriiiiOatin^  lliat   liK    Stm    ii<i>    te.n.iit-il    iii> 

heij,'ht — n.oon.  Oh!  you  wish  to  know 
if  the  observer  is  likely  to  make  a 
mistake  ■•■    N'es,  and  when  accurate  local 


^im  went  back  ten  "des^rees,"  is  often 
relerred  to.  but  in  one  of  the  revised 
editions  of  the  F>ible  the  sun  went  back 
ten  "stei'-."  ' '"•*  becomes  extremelv 
interesting;  when  we  find  that  in  India 
there  still  remains  an  immense  dial  built 
uitli   steps   instead  of  hour  lines. 

In  a  restored  flower  garden,  within 
iiiK-  nt  the  l;irL;e  bouses  in  the  ruins  of 
riinipeii,  may  lie  seen  a  suit-diai  of  tiie 
\rmillarv  ty])e,  iiresumably  in  its  oris^- 
inal  position.  It  looks  as  if  the  plane 
of  the  cijuator  and  the  position  of  the 
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i-.irtli's  axis  iiui^t  havi-  bi'fii  kimwn  to 
till-  iiiakor. 

r.otli  ilu»t'  ilials  were  in  iim-  lufdri' 
till'  iK-jjiiiimij;  <i|  our  rr.i  anil  wi-n- 
iiiverotl  l>y  the  jjrrat  iriijitinn  of  \  r- 
-nviiis  in  ''>  A.I).,  wluih  tU'strnyoil 
ri>ni|>i.ii  and  iltn-nlaiuuni. 

MoiUrn  siin-iliaU  ilitYcr  only  in  luiiii; 
ntoro  aivuratily  niaiK-  ami  a  fi \v  "ciiri- 
o-ily"  ilial>  aiMeil.  Tlii'  ntvt.'->itv  for 
time  •lurin'.'  the  nii;lit,  as  inan'>  lite  lie- 
taini'  a  littU-  niurc  i-omiilieati'il.  inre-- 
-itati'i  till-  Mivitition  of  time  niaihini<. 
'I'Ik'  "i'leii-'\ilra,"  or  watcr-eloi'k,  \va^ 
prolialilN  till'  tirM.  .\  I'rtiK-li  writer 
lias  iluj,'  itp  »iime  oM  reeonl-  ptlttini;  it 
lock  to  lloani;  ti  J(i7'i  l'..*.'.,  Iml  it  :<]>■ 
|Kar>  to  lia\e  lieen  eertaiiilv  in  u  <•  in 
(liina  in  !ii«>  \'>X  ..  so  we  will  Ik-  sal- 
i-tie<l  witli  tiiat  -late.  In  |ireset)tini4 
a  snlijeet  to  the  yoiiiii'  sHnlent  it  is 
-onutinies  a<lvi'«alile  to  use  roiiml  nuiii- 
liers  to  jjivo  a  sini])le  eoin|irelun^ion 
ar.il  then  leave  him  to  timl  the  over- 
lapi'inj;  of  tlates  an<l  methods  as  he 
advances.  Keeiiins;  this  in  mind,  the 
fr-llowini;  talile  may  lie  useil  to  i;ive  an 
eliinentary  hint  of  the  three  jjreat  stei>- 
iv  time  me.tsurinf;. 

Sliad<iw  t'Hie    jr-       to    ii.'.^)  T'..(". 
Di.il-  and  water-ei.vks.  icxx)  H.C     '■■ 
IIKV)   .\.l). 

(lock-  and  watelie-.  hxk)  to  20(i«) 
>   O. 

I  lear-wheel  clocks  aivl  w;itches  have 
lure  hceii  i.u-hed  forward  tr>  .2(X)(i 
VI)..  a-  they  may  la»t  to  tlia.  time, 
hnt  no  donht  we  will  supersede  them. 
.\l  the  present  time  science  is  just  about 
rea.lv  to  .-.ly  that  a  time  measurer  cnn- 
sistinij  of  wheels  anil  pinions^a  drivini; 
power  and  a  rei;ulator  in  the  form  of 
a  pendulum  or  halance.  i-  a  cli..ii-y  con- 
trivance and  that  we  ou.i,dit  to  do  lietter 
\trv  soon. 

I'l  i>  reniarkahle  how  few  are  awai^e 
that  the  MiiipU-t  form  of  -un-dial  is 
the  l»-t,  and  that,  as  a  reirulator  of  our 
pre-eiil  dock-,  it  is  .uooil  within  one 
or  twi)  mimites.  Xo  one  lU'etl  1k'  witli- 
oni  a  •'noon-mark"  -un-dial :  that  is. 
everv  one  m;iy  h.ive  the  hest  of  all  dials. 
'lake  .1  po-t  or  any  slraiyht  object 
st.milinj;  '■plnmti."  or  hest  of  all  the 
corner  of  a  Imildins,'.      In  the  case  of 


the  ]>o>t,  or  tree  trunk,  a  stone  (shown 
in  -olid  hl.ick  I  may  he  set  m  the 
j;;round ;  hut  for  the  iiuildiU);  a  line 
may  often  he  cut  across  a  rta>;-tone  of 
the  foot)Mtli.  Many  melhoil-  may  he 
einjiloved  to  (jet  this  noon  mark,  which 
I-  simply  a  north  and  south  line  :  \'icw- 
ir;;  tln'  pole  star,  usin;;  a  compas-  (if 
tlie   liK-al   variation    is   known  (    or   the 


I't.lVMlIK      l'> 


Unirs    -Xttliiir. 


.\    I. .rill  III    Suii-diiil  that  is  as  Riiml   to-(Ia> 
.IS   any   dial    fur  ilcteriniiiiriK  nnoti. 

old  method  of  tindiiiiL,'  the  time  at  which 
tiie  shadow  of  a  pole  i-  -horle-t.  I'ut 
the  hesl  ]iract'cal  way  in  thi-  day  is  to 
use  a  watch  set  to  local  time  and  inaKi 
ll'.e  m.irk  at   iJ  o'clock. 

<  >n  four  days  of  the  year  the  sun  is 
riu'ht  and  your  m.irk  may  he  set  at  I-' 
on  these  days,  hut  you  may  use  an 
alm.iiiac  .-md  look  in  the  coluTiin  marked 
■mean  time  at  noon"  or  "sun  on  meri- 
dian." h'or  example,  suppose  on  the 
hrifjht  day  when  you  are  re.idy  to  jjlace 
\(iur  noon  mark  yon  re.nl  in  llil-  col- 
umn 11.50.  then  when  your  watch 
shows    I!. 50  make  your  nomi   m.irk   to 
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ilii-  -liiKlDw  .iml  it  will  111-  riKlit  for  all 
liiiu-  Id  iiiiiii-.  <  iwiiij,'  tn  tin-  fact  that 
lliiTf  arc  iiut  an  oviii  miinlKT  of  i|a\> 
in  a  year,  it  li.|linv>  tiiat  on  any  jjivi'n 
Marly  ijaiv  at  niinn  tlif  tartli  i>  not  at 
till'  -anil-  plaa-  in  its  i-lli|iiiial  nrliit.  anil 
till'  lurriitidii  lit  thi<i  liy  tin-  liap  vcar- 
caii-ii-s  tin-  i'i|nalii>n  laliK-  Ik  vary  in 
I«ri(M|s  (if  |,„ir  yiar».  TIk-  ccnid'inial 
Uap  years  lati-i'  annilici  variaiinn  nf 
4(Ki  yiar^.  fiv-..  Iiiit  lln'^i-  variati<in>  are 
li»  tlia-i  till'  error  in  rijuiin-^  a  <Iim1. 

How  Did  Men  Tell  Time  When  tlic  Sim 
Cast  No  Shadows? 

I  >iiriiiL;  ,!ii  ii  ;;lii  an<.l  aNo  in  i-Jmnly 
\M-,iiliir  ilu-  ^un-ilial  was  •••.olc^s,  ami 
\v.    r>:i'!  lint  the  priests  of  ti.,  teiniiK-s 


anM  iuonk~  ..:  i,„.i,  i,,  \ii,  iiim-i 
"went  out  to  oI»er\e  tli.-  >tais"  in  make 
a  urns-  at  the  lime  of  niijlit.  The  most 
prominent  l\pe  alter  the  >hailow  .|e- 
vlees  wa>  ilie  "wati  r-iliKk"  or  "elep- 
«_\(!ra,"  hut  many  other  nielhod-,  were 
n»eil,  >iiih  a>  eani|le>,  nil  latiips,  ami  in 
lomparatix'ly  late  tinu>,tlie  saml-jL'lass 
rile  flimlameiilal  jiriiuiple  of  all  water- 
ilo^k«  i>  the  isiape  of  water  from  a 
vtssel  through  a  s-nall  hole.  It  is  cvi- 
"liiit  that  ■•luh  a  \es>el  would  eniptv 
il-elf  each  time  it  is  I'llle.l  in  very  ncarlv 
the  same  time.  The  reverse  of  'thi>  has 
heen  tiseil,  as  shown  in  the  jiicture  of 
the  Time-hoy  of  Imlia.  He  sal  in  front 
of  a  laijjc  vessel  of  water  ami  tloated 
:,  hrnn/c  cti])  havin-,'  a  small  hole  in  its 


This  i>ictiirc  slunvs  the 
IpMir-ut.iss  nr  saiiil-ylass.  It 
!■.  ri;ill\  .1  lyp.-  i.f  w.iiir- 
ilink,  liiiim  liascrl  nn  fhi' 
-.inu'  i>riiu-iplc.  Tin.'  iippri- 
^'l:i-<  tnill.  was  lillril  wiili 
^  mil  ami  tliis  s.iml  iMI 
t lire. mill  r>  liitif  lioU-  Im- 
lutiil  the  two  hiilhs.  When 
liie  .sail',  h.iii  all  K'H't 
tliroii^h,  thr  «Iass  was 
tiiriK-il  uiKiili-  lidwn  and 
liie   operation   rejicated. 


Tl.ME-IIOV    OF    l\m.\.— W.MKK-CUICK. 

III.'  Wattr-cI.H-k  consisted  nf  a  Urge  vessel  nili-.l  with 
uatir.  on  tin-  sinlar.'  ..f  wliich  was  pl.iced  ,i  smaller  vessel. 
<  .lly  a  Konir.  witli  a  hole  in  the  hoiiom.  Th"  water  prad- 
•  !ly  Idled  tl„-  smaller  vessel,  an.l  it  sank.  The  Time-hoy 
sat  heside  the  U  alcr-elurV  and  .ts  -<k,u  as  ihe  vc-h]  ^a-ik 
he  fisherl  it  ,,m.  emptied  il,  striuk  the  Konj.  one  or  more 
times  and   set  it   on   the  water  nfrain. 


li 
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lidltntii  ill  thi>  Liriif  vi-i-ol.  aiiii  as  liu- 
water  ran  in  ilinniijli  tiio  liolc  the  cup 
^.Mik.  I  111-  l"i\  lluii  '  ~lu'il  it  lip  and 
^iniik  I'll!'  i>r  iiiiirc  Iilii«>  oti  it  a>  a 
ui'M.t,'.  I  lii>  111'  i-<intMuir.l  aii>l  a  niiif 
■  livi^ioii  of  time  was  ohtaiiicil — while 
,i„.  1...,    I..,.,    ,„  ,1,,.! 


>■  James  Arthur. 

i->v.iii-ii-Iii\v,"      C.intiiii.      riiina. 
M'lT  jars  ■tri>ppiiig  «atir. 

;iiU'ir>tinK  111"  all  w.ilir- 
V  i<iik7<  ua--  uniliiuhlfilly  tlu'  "copper  jar^ 
'l'"I'l''"."  water."  in  t  aiiton.  (  hina. 
\\liere  it  can  ~till  he  seen.  Keferrint; 
to  the  picture  herewith  and  reailinj;  the 
fi  ur  (  liinese  characters  ilovvnwarcl-  tlie 
translation  is  "('anion  City."  I'u  the 
Kit  and  still  downwards,  "I  lon-woo- 
>i d^^w,"  which  is,  "Copper  jars  lirrp- 
■  I  -  water."  I'.ducated  Chinamen  in 
;. .rni  nie  that  if  is  over  UXX)  ve.irs  old. 
The  little  open  hudding  or  tower  in 
uhich  it  stands  is  higher  than  surround- 
v.'.S  huildini.'s      It  is.  therefore,  reason- 


ahl\  ~,ife  to  st.itc  that  the  Chinese  had 
.1  ue.itluT  and  time  ■station  omt  iooo 
\iars  helore  our  er.i. 

Il  Is  .a  ij  hour  clock,  con>i-tins; 
lit"  iiiur  copper  jars  partialis  hiiill  in 
n:.i-oMr\  forminj,'  a  -t.iir  like  structure 
(  oiuiuencim;  .it  the  toji  jar  e.ich  one 
drop-  into  the  nest  dinvnw.ard  until  llu 
water  rea<du>  the  -nhd  Imtliim  j.ir.  In 
tlii-  lowest  one  a  llo.il,  "ihe  hauihoit 
••til  k."  i-  |i|aced  and  indicates  the  iieii;h! 
of  the  w.iter,  .iiid  ihu-  in  .i  rude  wa\ 
fiive.-  the  lime.  It  is  said  to  he  -et 
morniny  and  e\eninu;  hy  dippint;  tin- 
w.iter  from  j.ir  )  to  jar  i.  -o  it  runs 
IJ  hours  of  our  time.  What  are  the 
u-es  of  i:  rs  _■  and  _^.  since  tin-  water 
sini])lv  eiiters  them  and  drips  out  aij.iin  ? 
\'ii  information  conld  hi'  cihl.iitA'd,  hut 
1   venture  ..n  ixplanalion  and  ho]ie  tlu 


TOWFR    OF    THE    WINDS. 

This  tinuT  i>  Incateil  ,it  Atlitiis.  Greece. 
It  was  liuilt  aliiiiit  ;o  B.(.'.  It  is  ixiauDnaj 
ill  ihapi'  ami  li.nl  at  unc  liim-  Miti-dials  mi 
each  (if  It-  ciKJit  sides.  On  top  was  a 
lirmize  wcathir  vaiic  fmni  which  it  .leriveil 
its  name. 


THi;  I  iRsr  >U)i)i:Rr;  clock 


riMili-r  o.in  'lu  IkIIh'.  .i>  ui-  .hc  .ill  ni' 
I  I'.iinJly  ami  there  is  ti<>  jealousv. 
W'Ik'ii  till'  tnp  jar  i>  filU'il  for  a  u-iiour 
run  it  wcmlij  dri])  mil  loo  fast  cluriiif; 
ilif  lir^t  -ix  liipiir'-  aiiil  too  slow  duriiij; 
ilii-  --(roiiil  ~i.\  limirs,  on  accfiiint  of  tlic 
xarviiii;  "lieail"  of  water.  Now.  the 
M'i.L'ot  of  jar  _>  icuilil  he  set  so  that  it 
notild  ^'aiii  ualer  iliiriiij;  the  tirst  six 
lii'iir^.  and  lose  iliiriiii;  the  second  six 
honr>.  and  tints  ei|iialize  a  little  by 
-llilliin;  tlu'  error  of  jar  I  in  two  ))art~ 
^nndarlx.  the^e  two  errors  of  j.'.r  _• 
•  "iiid  he  ai;ain  >|ilit  hy  jar  .^  niakiii- 
lonr  ~niall  variatio!i>  in  lowest  jar.  in- 
Me.id  of  line  l.irije  error  in  the  flow  of 
iir  I.  This  eould  he  extended  to  a 
L:riater  ninnher  of  j.irs,  another  j.nr 
makini;  eiijht  ^ni.iller  errors. 

The    he<t    lliintr    the    yomi};    student 
■  (•nld  do  .at  this  point  would  lie  to  fjrasp 
the    reni.irk.ihle    faet   tii.it   the   dock    is 
lint  ,111  old  macliiiu-.  since  is  covers  onlv 
ihe    CI  inp.ar.'itivelv    --hort    jieriod    from 
1.V14    to    llie    ]iresent    day.      t'ompared 
with   the  |ieriod   of   man's   history   and 
inventions  it   is  of  yesterday.     Strictly 
-pe.ikini;.    as    we   use    the    wonl    clock. 
il~   .au'c    from    De    \'ick   to   the  itiodeni 
,1-tionoiiiic.d   is   only   ahout   540  year 
If  we  t.ike  the  year  ifitio.  we  I'lnd  tli, 
it   re]ire-ent>  the  center  of  niodern  iiii 
proveniint*  in  clock-,  a   few  years  Ik 
fore   .nid   after   that    d.ite   includes   tile 
peiidiihiin,    the    anchor   .and    de.ad    heat 
i-i-.ipeiiient-.    the    niinnte    ;ind    second 
h.Mids,  the  circul.ir  h.dance  and  the  h.iir 
■-prinj,',  ;ilonij  with  minor  improvenieni^ 
Since    the    iiid    ol    that    period,    whicli 
we  ni,i\      ni.ike    1700,  no   fundamental 
invention  h.'s  lieen  .iddcil  to  clocls  ami 
v.atches.         This     hecomes     impressive 
when    we   reniemher  tli.it   the  last   Joo 
wars    Ii.ive    produi'cd    more    inventions 
ili.in    ;i  i    previous   known    hi-torv     hut 
"Illy    minor    improvement-    in    dock-! 
1  he  .ipplic.ition  of  electricitv  for  wind- 
iiii,'.  ilriviiii;.  or  rejllll.itintj  clocks  is  not 
fnid.amental.    for   the   time-keepiuju;    is 
done  hy  the  m.i-ter  clock  with  its  jien 
duliim    .and     wheels,    just    as    hy    any 
unmd father's  clock  .'oo  vears  old.    This 
liro.id  survey  of   time  lueasurinj.;  does 
not    perniil   us   to   ijo   into   minute   ine- 
.  hanical   details. 


Moilern  clocks  coniiiiciioo  with  Pc  \'ii!,'s 
lit  IJ04.  which  is  tile  tirst  iiiunh  ■iliiiiu  il 
dnck  coiisisliiiK  lit  tiMithcil  wlieiK  ami  ci'ii- 
taiiiiiii;  the  finnlameiital  feature^  m"  mir 
lire-till  clocks.  KefcrtMiCfs  an  nt'lni  liiintcil 
liaik  tu  about  1000  .\,l)..  luit  the  wnnl- 
Iraii-Iatiil  "clucks"  were  useil  lor  lielK  ami 
dials  at  that  ilate :  so  we  are  idrcc-il  to  cm- 
-ider  the  l)e  Vick  clock  as  the  lirst  till  iiion 
e\iileiue  is  oblaiiieil.  It  has  been  pointed 
out.  however,  that  tlii*  clock  could  hardly 
have  bei'ii  iiivcnti-d  all  .11  mice;  ;iiid  llicrc- 
lore  if  is  probable  that  many  iiivcntiims 
leailiiiK  up  to  It  have  be<  a  lost  to  liisti.r> 
That  part  of  a  clock  which  does  tlu-  tickiiii,' 
is  called  the  "escapement,  .iiid  the  oldest 
form  known  is  the  "Ver«i  " 
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EARIJLST    CLOCKS    HAD   NO    DIM  S  OR    tl  \NDS 


.--c.iltctxil  rfUriiKi>  1!)  (iM  untitii;^ 
make  it  rcason.ilily  iHTtain  that  from 
about  laK)  A.I),  to  i.vo  A.D.  hv\\> 
uiTc  struck  l)y  inailiiiKs  ri;;ii!atc'l 
vvitli  tliis  vcrirc  i'sca])i.iiK'iit.  lliu>  sliow- 
iiig  that  tlu'  •itrikini;  part  of  a  ilock 
i-i  older  tl'.ati  the  oloik  iiMlf.  it  m-ihw 
■•traii.t;e  to  n>  to  >ay  that  many  of  the 
earlier  eloeks  were  striker-;  only,  and 
hp  '  nn  (hal.>-  or  haivN,  ju'-t  a--  if  yon 
Inrned  the  faee  of  vonr  elm-k  \><  \W- 
wall  and  dcipiiulid  on  tlu'  -trikinv'  for 
the  time. 


ENGLISH     1)1.^LK^.MIT11  .>    CLOCK. 


.\  ijood  idea  of  li  old  iliunii 
clock",  may  he  ohtained  from  the  |iic- 
ture  herewith.  Tradition  has  fdllmved 
it  ilown  as  the  "I'.iiylish  lUacksmith's 
(lock."  It  has  the  very  earliest  a)i- 
[ilication  of  the  pendnluni.  The  jien- 
dninm  is  le^s  ihati  ,^  inches  lom,'  and  is 
Inniij  on  the  veri;e.  or  i>.illet  axle,  and 
licats  _'_'_•  per  minute.  This  clock  may 
hi'  s.ifely  ]iut  at  J50  years  oM.  .and 
contains  nolhini;  imcnle.!  sinci-  ih.il 
date.  Wheels  are  cast  lir.iss  .and  .ill 
teeth  Laboriously  tiled  out  hv  h.ind 
I'iin'ons  are  solid  with  the  ;i\lcs.  or 
"stat'fs."  ;md  alsri  tiled  out  hy  h.ind 
It  is  put  together.  siiur.ilK  hy  mor- 
tise, tenon  and  cotter,  hut  it  has  four 
ori-jin.il  screws  all  made  h\-  h.nid  with 
the  tile.  How  did  he  thread  the  holes 
for  these  screws?  I'roh.ilily  made  a 
i.'p  hy  li.'md  :is  he  m.ade  the  screws. 
r.nl  the  most  remark.ihle  feature  is  the 
i.ct  th.at  no  lithe  u.as  usi-,]  in  fnrnn'ii'.,' 
any  ]).irt — all  st.iffs.  pinions  and  pivots 
heiui,'  tiled  hy  hand.  This  is  sinipiv 
cNtraordinary  when  it  is  jioinied  out 
that  .1  little  (le.ad  center  lathe  is  the 
-implcst  machine  in  the  world,  .and  he 
•  onld  h.i\e  maile  one  in  le^s  th.in  .a  d.iv 
incl  saved  himself  weeks  of  h.ird  labor, 
li  is  prob.ible  th.at  hi'  had  i;re,it  skill 
ii:  hand  work  and  that  learning:  tn  use 
.1  l.ithe  would  ha\-e  been  a  sjroat  anil 
iedio\ts  eltort  for  hini.  So  we  have  .1 
comjilete  strikins,'  clock  made  hv  a  m.iu 
-r  poor  that  he  h.ad  only  his  anvil, 
li.immer  and  tile.  The  weit,'hts  ;ire 
hmi'j:  on  cords  as  thick  as  an  ordinar\- 
kad-peiicil  .auil  pass  ovi'r  luillev-  li.av 
ini;  spikes  st^i  around  them  to  prevent 
the  cords  from  slijjpin;;.  The  weights 
discend  ~  feet  in  IJ  hours,  so  thev 
must  be  jnilled  up — not  wound  u]) — 
twice  a  day.  The  sintjle  hour  hand  is 
I  work  of  art  .and  is  cut  through  like 
1  ce.  I'uhlic  clocks  may  still  he  seen 
!i  l.uropc  with  only  one  h.aud.  Many 
h.we  been  puzzled  by  llildiui;  th.at  old. 
ruilely  m.ade  clocks  often  have  tine 
dials,  but  this  is  not  rem.arkable  when 
v\e  state  that  ,art  and  i-nu'raviuL'  h.ul 
reached  a  hi,i;h  level  before  the  days 
nf  clocks. 
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11  \Nh-  111    rill'  I  M.i.i  -1  .  \,u  i^ 
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rill     KlHJI-    OK    THK  ml.CjMK    I  A<  TlUn  . 


Tliil  l.i«  vl'ck  i.ufi  il,.  :,m  nllirc  Imildiniis  if  .l.nvn-iown  N'cw  York.  If^  ilial  is 
If*  leot  in  .Ii.im  ■t.r  mid  c.iii  i.c  r.;i(l  lasily  at  a  .lisuiiice  of  thrto  miles,  so  that  iiasseiiirors 
..II  tiic  iiio.iiniiit  liiuTs  pick  out  tiK-  cl...k  as  .mc  oi  thoir  first  si^lits  nf  Xcw   ^^'rk 

111.,  next  larm-.t  dnck  (nil  tl.c  Metropolitan  T.-iver)  is  2(i<',  feet  in  dinnKter:  Ihc 
W  I'st'iiiiister  olock  of  I.-nidnn.  _>_>'..   feet. 

llie  ureal  duok  wiifrlis  appn.xinianly  (>  tons.  The  minute  hand,  >o  f-ct  I.'nu  truds 
"   ".;.l" ""',-■' ,""■"'"'*  ''^'■"'  '"'""'*';  "'""■  than  one-li,df  mile  each  dav 

Ilk    lie<l  of  this  dock  IS  4   tiH.t  in  lenwlli,  the  wheels  and  Kcars  l.iiiiR  made  of  bronze 

.UK    pinions  ,  f   hardened   steel.     The  time  train   oocnples   al'out   one-third   of   the   l.e<Ii)Iate 

nid  has  a  main  tim..  vvlLeel  measiirmi;  iS'  ,  indies  in  di.iineter.     This  train  is  equipped  with 

U-nnisons   dnni.e   ihree-leR^ed   sravity   esea|>eii,ent.    whid,    was   inventcl    bv    Sir    bldnumd 

.edvet,    chiefly    tor    use    o„    ,he    f;iMio„s    U  e.stniiiister    clock,    installed    in    the    rarliament 

',   - !  !'i;'''':i '"l  '•';■"'""•,'?"«'■""':      ri'e  use  o.   this  escapement   is   most   a.lvaiita.«eous    for  ., 

MK.i iitic  doik   of  this  kind  as  It   allows  the  impulse  Riven   the  pcndiiUim  rod  to  be  alwavs 

.onsl:iiit.  and    herel..re  .l..es  „„t  permit  any  change  of  power  or  .IriviiiK  force  of  the  dock 

I.,   at^ecl    Its   liiiie-keepiii.<   .pialities.  >,        m    .  i  i  lo,  k 

It   requires  about   («.(,  nouiids   of  cast-iron   to   pr,>pd   this   lime   train,   and    the   clock   is 

irranRcd   to    run   eicht    d.i>s    without    winding.    The    ^!ra^itv    arms    of    the    escapement    are 

'Inl'J""/  ,;1    •'  ■'."""   "■■■'■  '"■•"■  *'"'  '■"M>'-"-^i'm   S'rii.K.  an.l   the  arms   are   fitt-d   with   bron.e 
i'*iit.r   (H(tt   pins. 

The  dial  contains   li.u  square  feet,  or  about  one  thirty-tUtH  of  an  acre.     The  numerals 

w.iisist  o     heavy  black   strokes,   5   teet  (.inches  Iour  and  ^o  inches  wide  at   the  outer  eii! 

.il.enng  to  a  po„n  a,  the  inner  end.     The  circumference  of  the  .lial   is  approxim    dv      ' ,, 

.,'re   ..   feet,        """'    '"""  "■'""■  '"  "'""■'   "'   """"■"'^   '^    '"    »'<'     ^'"<l   '"''   minute   spa';. 

d;.sc.;t  bilijis  ic.^;?' V!;\;:-f  t^.>che^:iir:^' ; -di^r^ir  ^h^  ^z:l  ■:■::;;, 
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IHl:    AWCHIMRN    WHICH    KIN^         liUi    CLOCK 


This  jiicliirc  >ho\vs  tlie  niacliiticry 
iKcessary  tn  oinTate  a  lari;f  niinkrn 
towiT  cluck. 

Tlic  iiu'clianisin  is  IkM  in  place  anil 
idntiiu'il  cntirily  within  a  ca>>t-iri)n 
-inuturc  which  is  tirnily  hollcd  to  the 
I'c.or.  riu'  wheels  are  c()in]K)se<l  uf 
liiiiiize,  the  pillions  of  steel  (  hanleiud  I 
and  the  i;ears  arc  machine  cut.  At  the 
frnnt  of  the  clock  is  a  small  dial  which 
enables  one  to  tell  exactly  the  position 
of  the  hands  on  the  outside  <tials.  and 
there  is  aKo  a   <c<'ond   li.iiiil   lo   permit 


of    very    close    re,i;ulation    and    adjust- 
iiient. 

Three  ways  arc  jirovideil  for  the 
rt^'ulatioii.  I'irst  by  a  knurled  screw 
at  the  to])  of  bed  frame.  Second  by  a 
revolvinu;  disc  at  the  bottom  of  the 
pendulum  ball.  Very  often  by  either 
of  these  two  methocls  it  is  imiiossible 
to  brill";  the  clock  to  fractional  seconds, 
and  ill  order  to  permit  of  a  nicety  of 
adiiistiiient  there  is  a  cup  litteil  at  the 
to]!  Ill  the  hall  <o  that  by  inserting'  or 
takiiii;  mit  lead  jiellets,  the  ratin^r  can 
be  brmiLdit   tn  .iliMilutc  time. 


THi:    CLOCK    IN    INDLP£2M)1:NCE   HALL 
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Where  Does  the  Day  Begin  ? 

I\)  un.li.T>laii.l  tlii-  -nl.jirt  wi-  imi>.t 
first  apiiriviatf  that  a  ilay  as  wi'  think 
of  it  is  a  ilivisioti  of  lime  mack'  !>>  man 
for  thi-  jmrposc  of  his  own  rivkoniiij,'. 
So  far  as  tho  hcginnitij;  of  (hiy  is  cuii- 
cirmd.  it  hi'.i;ins  at  a  (httVriMit  iilace 
in  thf  world  cvi-ry  lumr:  y(.'>.  ivt-ry 
iiiimitf  anil  ivury  stvnml  in  tin-  'lay. 
\s.  iiowi'Vir.  tin-  ilistanii-  in  fiit 
vvliiTi'  till-  (lay  hi'ijins  from  I'lu-  min- 
uli-  to  anotlur  is  so  short  that  we  can 
li;.nlly  nolici'  it  in  such  shcrt  mca-urc- 
nicnts  of  tiiiu",  wo  will  loi'k  at  the 
answer  to  the  (Hicslion  from  hour 
to  hour.  When  you  umkT'-tanil  the 
Mlhicct  from  that  ]ioint  ym  '.-.'U  your- 
self see  that  the  day  actually  hesius  at 
:;  ilitVerent  point  of  the  earth  everv 
ii'innte  and  every  second  of  time 

How  Much  of  the  Earth  Does  t\\<-  Suii 
Shine   on  at   One   Time  ' 
The  >uu  is  -.hiuins;  on  some  jiarl  o\ 
tie  earth  all  the  time  and  the  shiiiiui; 
of    the    sun    nial  e^    the    dit'terence    he- 
tween    ilay   and   niuht.      Wherever   the 
■•mi  i-  >hitiiii.i;  it  is  day-time,  and  where 
ilie  -un  i>  not  shiniu);  It  is  iiii;ht-lime. 
To  illustrate  we  will  make  use  of  an 
I  nlinarv  oran.i;e  an<l  a  lighted  s;as  jet. 
i.tt   us  take  a   lonji  hal-j)in  and   .-tick 
it    throus;h    the    orantre    from    ~tem    to 
siein.      Now    hold    the   oranue   h>    the 
ends    of     tile    hat-pin     up    hefore    the 
liyhted    i;as   jet.      \'oU    will    notice   that 
one-half  of  the  orange  is  lijjhted.  while 
the  other  half  is  dark.    <  )f  course,  it  is 
the  half  of  the  orani^e  away   from  the 
hilht   that    is   dark.      Now.  revolve   the 
oranire   <lowlv   on   the  hat-jiin  axis  to- 
warii  the  lii;ht.     When  you  have  turned 
the  or.inue  h.df  way  round  the  ]>art  that 
\'.,i>^   formerly  dark   is  now  li.i;hled  up 
and  the  other  i)art  is  now  dark. 

Now  examine  closely  and  you  will 
M  e  that  iust  one-half'  of  the  orani^c 
i~  liirhted  lit  one  time  ;uid  the  other  half 
i~  dark.  You  revolve  the  orange  in 
fiont  of  the  lii,'ht  slowly  and  a  portion 
of  the  surface  of  the  orange  is  always 
comins;  iiuo  the  liuhi.  while  a  corre- 
spondiu},'  jiortion  of  it  on  the  o])posito 
siile  is  constantly  uoi.i^'  iiUo  the  <lark. 
1m  oilier  w.iriN,  whatever  the  speed  at 


whi.h  ViUi  revohc  tlic  oran.^e  tMu.iid 
the  li;;rit.  one  half  of  it  is  alwa\s  li.uht 
and  the  other  h.ilf   i>    ilway-  dark. 

This  is  ex.ictly  what  haj'peus  in  the 
relation  of  the  earth  to  the  sun  every 
d;;v.     One  half  of  the  earth,  which  is 
continuallv  revolviui;  on  it-  axis,  is  fac- 
ing; the   >un.  and   is  therefore,  in   the 
davliyhl.    while    tlie   other    !ialf    of    the 
earth's  surface  is  in  darkness,  hecause 
the  lis^ht   from  the  sun  does  not  strike 
;inv  portion  of  it.     If  the  earth  did  not 
revolve  one-half  of  it  wouM  always  he 
in  .l.iv-time.  while  the  other  half  would 
le   ci'.ntimially   havinj,'  ni.uht-time.      .\s 
the  earth  i-  always  mo\  ini,'  or  revolv- 
in,u'   the    half    where    it    i-    .lay-time    i'^ 
constantly   chan;.;in,iL;.  so  that  the  <lay  i- 
hei;itinin},'   on    one-half    of    the   earth's 
surface     every     second     of     the     day 
\ctiiallv.  of  course,  then,  if  \ou  live  on 
the  east   --ide  of  town  day  lic^ius  with 
you  .1  little  sooner  than  with  your  chum 
who   lives   on    the    west    side   of   town 
We  have  come   to  measure  the  liei;in 
nin;r  of  day  as  sunrise  and  the  hei;in 
n-nj;  of   ni^hl  as   sunset,   wherevtr   wi 
happen   to  he. 

l"or  convenience  in  st'ttin.n  clocks  and 
ii:  nieasuriiii,'  time  w-    ilo  not  taki   into 
lonsideration    these     efy    slifjh'    dit'fer- 
ei'Ci's   in   th.e   ri-int;  and     eltiuj,  oi    tlu 
sini.  hut  set  our  clock-  all  alik    in  <lif 
f.  rent  ii.arts  of  the  >.an)     town    >r  cit\' 
t(    avoid  confu'-ion.      'n   fad.  in  or<ler 
t,i  overcome  the  <lifl"iculties  and  coufu 
s'ons  .arisins,'  in  reckomntr  the  time  of 
tile    clock    in    ditVerent    locditic,    an.' 
still    keep    the    heuinniivj     o    what    wr 
call   day-time  constant    .vith   tlu    hand- 
of  the  clock,  we  have  at;reed  uiion  whai 
we  call  standard  time.     We  .atjreed  u|ion 
this  sv>-tem  of  tixin;,'  stand.ml  time  he 
c:aise    the   actual    sun    time   hy    which 
ptople   set    their   clock-    up   to   a    few 
vears  a};o  led   to  sn  in,in\'   mistakes   in 
c.'.tchinir    trains,    keepini;    enya.uement- 
rnd  other  niisimderstandin.u;s  where  the 
(inestion  of  time  was  involved.     Then 
when  this  system  of  statidar;!  time  wa-; 
adopted    the    confusi".;-,    hecatue    even 
wor.-.e,    and    the    mistakes    and    mi-.M- 
more   numerous,   hecause    some   ppo]ile 
insisted  on  se'lini;  their  docks  to  stan- 
d;ird  time  and  others  insiste<l  on  stick- 


VVHIRF    THH   D\\  CHA\(HIS 


Hit;  to  till'  old  sun  time  >clicilulo.  So 
von  coiilil  iH'vcT  till  Iiy  lonkitif;  at  tlio 
I  lock  what  time  it  really  was  unless 
they  init  a  stfjii  on  the  elock  savin,t;  what 
kind  of  time  they  were  jjoiiijr  l,y. 
I'inally,  however,  inost  of  the  peoi/le 
<  ame  to  ap))reeiate  that  it  would  be  a 
!,'')od  idea  to  msc  one  uniform  svsteni 
'!*■  scttinjj  the  cloeks  and  of  h'aviiii,' 
them  in  harmony  in  a  sense  with  the 
ether  cloeks  in  the  world,  and  the  adop- 
tion of  the  standard  time  i>lan  hecame 
universal.  I'o  make  this  system  practi- 
cal and  eiTective,  certain  points  ahout 
(M'lally  distant  from  each  other  were 
-iKcted,  at    whicli   fNiint 

Where  Is  the  Hour  Changed  ? 
tile  hour  would  change  fur  all  points 
\;  ithin  that  zone.  Under  this  system  all 
t'lnepieces  in  any  one  zone  point  to 
the  same  hour.  .>^o  the  clock  time 
ihanges  only  as  you  jjo  east  or  west. 
.Ml  points  on  a  north  and  south  line 
have  the  same  time  as  the  zone  in  which 
'  is  located. 

I'or    convemence     in    .idjustin;;    the 
time  ill  .America   the  countrv   was  di- 
\ided   into   four  east   and    west   zones. 
Tlie  first   zone  takes  in  everything  on 
a    straight    north    and   .south    line   east 
nf     I'ittslnirg.    and    is    cr.lled    Rastern 
time.      Ihe  seond  zone,  Central  time, 
e.Meiid-    ir.im    i'ilt>;)mg    lo    !li-marck. 
Xo,  Dakot.i  ;  the  tiiird  zone.  Mountain 
time,  e.\tcnd-  from  IJisiiiarck  to  ^  uma. 
Arizun.a:    wiiile    tiie    fourth    zmhc    c.n- 
teiids     from      N'uma     to     the      I'.-icilic 
( leean.      These    selections    were    niaile 
I)ecause  the  sun  actually  rises  ahout  one 
hour  later   in    I'ittshurg   than   in    New 
Virk:  otic  hour  later  in   Hi  .marck  than 
in    i'itl-limg:  one  hour  later   in    Wuwd 
iliaii  ill  llismarck.  and  one  hour  later  on 
tile      I'acific     Coast     than     in     ^■uma. 
I'nder  this  plan  when  it  is  nine  o'clock 
in   Xew   'S'ork   it   is  onlv  eight   o'clock 
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dividerl  into  twenty-four  such  zones. 
!'■  you  went  west  entirelv  around  the 
worl.l  you  would  lose  a  whole  day  of 
clock  time. 

If.  however,  you  went  around  the 
"orld  from  west  to  east  in  the  same 
manner  you  would  gain  a  whole  day. 

Where  Does  the  Day  Change  ? 

I  his    systi-n.    of    agreeing    on    fixe<i 
places  where  the  hour  eh.niges  made  it 
necessary  to  also  fix  a  point  where  for 
the  purposes  of  the  calendar  the  <lay 
also   chaiiges.      This    imaginarv    north 
anil    south   line   is    fi.xed    upon' at    iSo 
"'egrees    west    longitude,    which    would 
cut  the  F\aeific  Ocean  in  two.    This  line 
makes  it  jHissiMe  for  a  person  to  travel 
all    day    hel'ore   aiipro.icliing    this    line 
and  then  find  hims.-lf  after  crossing  it 
ttavelling   all    the   ne.xt    dav    with    the 
■aine  name   for  the  dav   oi'  the  week 
'hus    he   could    spend    all    of    Sun<lay 
tnivellmg  towani  the  International  Dav 
line,  as  this  is  calle.l,  and  after  cross- 
ing   it    speiul    another    Sundav.    which 
would    he   the   next    dav,    going  awav 
from  It.    This  would  give  him  the  novel 
experience  of  having  two   Sundavs  on 
successive  d.-iys.    The  same  thing  would 
happen    if   he    were    travelling   to    tin- 
Day  Line  on   Mondav,  Tuesdav,  Wed- 
nesday.   Thursfkiy.    I-Vidav    or    Satur- 
day.    He  woul.l  iive  through  two  suc- 
ceding  .lays  of  the  same  name  in  the 
same  week,  one  right  after  the  otiier. 
I  his   would  he   in   going   westward 

If  you  were  traveling  ea.stward  and 
crossed  the  Intern.itiona;  Dav  Line  on 
Sunckiy  at  mi<lnight  vou  woiild  lose  a 
<lay  completely  out  of  the  week,  for 
uhen  you  wok<>  up  the  next  mormii"  it 
uoilM   lie   Tticsikiv.  " 

Why  Do  We  Cook  the  Tnings  We  Eat  ? 
^^  f  ji.ivc  >e\cra!  re.i-oiis  for  doing 
this.  The  first  and  most  importatn 
reason  to  us  is  that  the  application  of 
heat  to  food  makes  it  more  easv  t,i 
'ligest.  Other  reasons  ,ire  that  when 
cooked  our  food  is  more  p.ilatahle :  the 


rrocfs    nf   conking   kills   all   niicroh 
which,   if   taken   into  our  bodies  ah' 


ive. 


f( 


ive  us  diseases,  and  also  it  is 
)r   us   to  chew   food    that   has 


il>l 


i  "  i 
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MA&NtT  Coil  MaiCNLT     RtLEOi&I    DlfcPWBAM 

NON  MAQNtTlC    BoTTon   PLATE 

11,,^  1,1,  till  s«i.i.-i»iiil  ilninc   hll   m,i>;m  I       This  lU  » 

t.>    mtaii'.   1.1    maniit'u    ..itr.uti^.n.    i,.-ui;>   u^If   to  praotiiallv    all   Uiii.l^   ,.i   inni   an<l    M..i 
uitliiut   till-  aid  1,1    --liiiBs.  cabto   or  chains. 


I'liL'   StorN    in  u    Ma<4nct 


What    Makes   an    Electro    Ma^'iut    Lift 

Things  ' 

Ihi-  uorkiii.u  parts  nl  .in  ilirtrK-  liit 
ii'.a^'iKt   arc  as    lii!l()\\>: 

A  .V/(W/.— riiis  is  a  sti-i-1  lastinj,' 
luavily  rililii-d  (in  the  l"i|>  for  ^trcn^'tli. 
ami  al>o  to  assist  in  railiatinj;  tin-  IkmI- 
int;  clYirt  from  tin-  coil. 

It  is  usuallv  iiiaik-  circular  in  -liaiic. 
the  outside  rim  fiirniint;  one  |iolc,  while 
the  lus  in  the  center  form--  the  other 
The  coil  tits  in  hetweeii  the-e  jxiles. 
thus  niakinj,'  a  niai,Miel  Muiilar  to  the 
orilinarv  horse'-hoe  type 

A  liottoui  riiit,-.-  The  uni'.rr  -iiie  of 
the  maj^Miet  is  clu-eil  l.y  a  very  toULih 
and  hard  non-niamietic  steel  plate,  in 
order  to  protect  the  coil. 

.\s  well  as  lieint;  noii-nia.!,'netic.  tiiis 
jilate  .ilso  has  sufticimt  stren!:;th  to  re- 
sist the  severe  we.ir  to  which  a  maj;net 
i-  necessarily  subjected. 

.•i  Tt-rmiiial  lui.r. — -.X  one-piece 
heavilv-constnicted  sieel  casting  bolted 
to  the  top  of  the  shell,  containinn  and 
protecting  the  brass  sockets  into  which 


llie     uires     imm     the     coil     ternnn  ite. 
forms  the    Terminal   I'.ox 

The     sockets     are     made     to     receive 
I  hit;s    placed    on    the    end    of    the   con 
ductor    wire,   liy    which    the    maj;net    is 
comie.-ted    with    tiie   geiienit.ir. 

A  Coil. — 'Ihis  consists  of  a  r.iiind 
ii'sulated  wire  which  is  ]>assed,  while 
lieiiig  wound,  through  a  cement-like 
si;bstance,  he.ivily  coating  each  indi- 
\idual   strand. 

\  low  voltage  of  current  is  then 
passed  through  the  coil,  a  sut'ticienl 
length  of  time,  to  thoroughly  dry  out 
,-mil  bake  the  coating.  This  renders 
the  niagn--t  absolutely  fireproof,  elimi- 
nating all  d.inger  of  short  circuiting  of 
the  coil 

When    tinislied    it    is    well    taped    to 
protect   the  outside   wire    from   lieconi 
ti:g  chafed 

The  coil  is  made  slightlv  smaller 
tl;an  liu  inside  dinuiisic.ns  of  ihc  sin:' 
and  the  remaining  space  i-  I'dlid  with 
an  im])reguating  compound,  wl  i.h 
hardens  to  the  consistency  of  pitch 


NMiAi    \  iodlstom:  is 


I  Ills     raiders    tin-    ,nil    tli.,ruui;liU 
wai<r|.r.)r.t :  jilso    fdrms   a   cusliinn    ti. 
|ir<\i-iit    injury    from    ilu-    seven-    jars 
wlu'u  <lrii|i]>jtij;  ;, 


aiKi  slidcks,  rci-i'ivi'i 
iiiajLiiU't  (III  iis  I(ia<l. 

.■/     i'i>iilr,)ll,-r.-    \hv     raf.iMilv 
v.liiih   it   is  luvfssarv   to  turn 
nil  aii<I   olT   while 


with 

eurreiil 

n|irratiit.i,'  a  itia.cnei, 

reai.s   wliat    is   .alle.l   a    -Laek   kiek." 

is   cli-.i|,aici|    (|iiickly    it    is 


I  iile-s   till 

■  'V  clestrtietiv*'  to  the  eoil. 
\  s|.eeial  euiitrulItT  <Iis>ii,ates  this 
l';uk  kiik  thn.tiyh  a  s.t  ,,|  resistance 
enils  |,laee,l  in  tiie  eontrnller.  Hy 
means  r.f  .„,  atitomaiie  arrain,'emeiit, 
enmitrli.iii  with  these  ci.ils  is  made 
nistantlv  it|..„i  lireakiii!,'  the  eurrent  he 
tweeii  the  inaijiiet  aiul  fjeiieralor 

A  sysiini  ot  eoiitrol  use.I  prevents 
iiiK.iie  Iieatiiis;  ,,t  the  e.iil.  Ihis  enaliles 
the  nia^'iiet  to  h'i't  as  Iar';e  a  "      "      ' 


Iiu-el  alter 
start 


^Vhat  Is  a  Lodestone? 


\  Iiidestnuf  is  a  variety  ot  tlie  min- 
<i  li  named  mau'netile  whieli  is  a  nat- 
n-'al  magnet.  I'he  name  ma{;tiet  ounies 
f'om  the  name  of  the  mineral  maj;- 
netile  an<I  this  in  turn  derived  its 
name  from  the  faei  tliat  it  was  tirst 
-.iseovered  in  Magnesia.  The  word 
n;a,!,'iiet  really  means  the  "Stone  of 
^'aJ,'nesia." 

\  lodestone  is  one  of  the  invsteries 
nature.  Its  properties  eaii  more 
nearly  he  understood  if  w^  examine 
an  artifH-ia!  matrnet.  which  is  generally 
made  in  tlie  form  of  either  a  stra'ijht 
har  or  a  shoe.  .\ii  artiru-ia!  ma.','net 
i-  made  of  iron,  ii  von  ilrop  a  har 
inairnet  into  a  hox  of  iron  tihnjjs,  the 
liluids  attach  themselves  to  the  har.  If 
vou  examine  it  closely  you  ohserve 
that  most  of  the  fdiny^s  attach  tliem- 
sdves  to  the  ends  of  the  har.  There 
fore  we  call  the  ends  of  the  har  the 
I'olcs  of  the  magnet. 

If  you  suspend  a  mai;iu-iic  lucile  at 
its  center  of  ^jravity  so  thai  il  i-  ah 
solntely  free  to  turn,  you  will  soon 
tind  one  end  of  the  needle  i)ointin}j 
north  and  the  other  south  of  course. 
The  end  which  is  pointed  toward  thi- 
n  >rth  is  called  the  north  pol,"  .-nul  the 
■■tluT    the    -outli    pole.      If    \uti    have   a 


liois,  .sli,,c  in,i;;nct,  \ou  call  denii>n- 
strate  tins  for  yourself.  Ruh  the  end 
of  your  ma^'uet  over  a  scwiuj^  needle 
and  (111  the  needle  so  that  when  you 
lay  it  on  the  surface  of  a  ^lass  of  wa- 
ter it  will  float.  Then  look  at  it  closely. 
Nou  will  see  the  n.-edle  s|,,wlv  Hini 
until  tinally  it  hecomes  i|uite  still.  If 
you  have  a  compass  at  hand  so  that 
you  know  surely  which  is  north  and 
which  is  south,  you  will  tii„I  ,,iie  end 
f.t  the  ueeille  pointiiij;  north  and  the 
other  south.  Vou  can  then  i)I.ace  the 
end  of  your  maj;net  a;,',iinst  the  out- 
si.ie  of  the  KJass  and  .Iraw  the  uee-lle 
toward  your  maf;net.  ^  our  horseshoe 
majjiiet  has  its  u.irth  .md  s,,utl,  p,,li.^ 
close   to','elher. 

If  you  have  a  har  ina<;net  an.l  the 
end  of  the  needle  with  the  eve  in  it  is 
I'ointiii.i;  north,  you  can  driv. 'the  needle 
on  ihe  surf.ice  of  the  water  awav  from 
you  hy  touchini;  the  outside  of  the 
Kdass  o|.]>osite  that  end  of  the  needle 
with  the  north  pole  of  your  matjiiet. 
f  In  the  other  hand,  if  voii  reverse  the 
e.-periuient  .iiid  place  the  south  )iole 
of  your  ma^met  to  the  side  of  the 
jclass.  the  needle  will  come  toward  the 
ma.sjuet.  In  f)ther  words  then  the  like 
r>oles  of  a  magnet  repel  each  other  ;mcl 
the  unlike  poles  attract  each  other. 

.\uother  interesting  way  to  show 
this  is  to  take  two  lodestones  or 
two  magnets  and  let  a  lot  of  iron 
tilin>,'s  attach  themselves  to  the  ends 
of  them.  Then  when  vou  have  dr.".,' 
this,  point  the  two  north  jioles  of  the 
majinets  or  lodestones  at  each  other 
dose  tosrether.  Vou  will  he  inteiiselv 
irterested  in  seein.i;  how  i|iiiiklv  tlir 
mysterious  somethiii}:  that  is  in  the 
magnets  makes  the  lilinjis  ,,,1  ilu-  two 
ends  of  the  maijnet  trv  to  i,ret  awav 
troni  ,M>h  ..tluT.  On  the  other  li.and 
v.lien  \ou  iml  a  north  and  south  pole 
tos^ether.  they  form  a  union  of  the 
iron  t'dinijs. 

.\nother  sir:in<,'e  thin^'  aluiiil  ,i  ni.it;- 
net  is  that  if  you  hreak  it  in  two,  eadi 
li;df  will  he  a  comnleli,-  niairiiet  ii  i* 
'c\i  with  a  north  and  south  imle  .I'-o, 
and  this  is  true  no  matter  luu\  nianv 
times  you  hreak  it  into  j.ieces.  Prntn 
this  we  le.irn  that  each  tinv  i-article  or 


:v.'h 


WIIM     \    lODISloM.    IS 


This  is  a  picturi. 
of  :i  cmiiiiU'tf  ilirtrii 
niagiu't.  Ilic  niauntt 
IS  altaclitil  to  tin- 
arm  of  a  cratii'  hy 
the  loop  ill  tin-  ccn- 
tir  ami  wlun  llic 
iii.iKiic'l  tlirti  coiiifs 
ill  loiit.ici  with  any 
Ivinil  of  iron  or  stci-l 
it  lift*  it  a»  »o.iii  a< 
till'  lurriMit  i*  turnoil 
on.  liy  makinu  the 
oil  itrir  f  11  r  r  i-  n  f 
sir. 'iii-fr,  H  r  e  a  t  f  r 
wt'ulil  can  he  lifti<l 
Many  ton*  of  mate- 
rial can  he  lifteil  at 
one  tinir.  An  electro 
iii.iV'iiel  will  ilo  til 
work    •<!    tnaiiv 

;it    If.l'    !•  --    .-■• 


le 
men 


In  this  picture  we  >ee  the  mapnct  liftinR  a  Rreat  weipht  of  miscellaneous  pieces  of 
scrap  iron  As  many  as  twenty  tons  can  be  lifted  and  transferred  from  one  place  to 
another  at  one  time. 


m 


NVriAT   lllClklCIIN     IS 


:;_"i 


iiiolcciilc  throti^jlujiit  Ihf  l.;ir  i>  a  in.iL'- 

ii'l  In-  it.sflf. 

S'lnif    tliinjis    oiii      l.c     inaKiutizoI 

\\liiic  utlKT>  lamiot.     Many  sul).stain-i-s 

have  not  tlu-  i>ri)|icrty  ot  'maj,'iKti/iiij; 
otIuT  Mil)>taii.fs  wlkii  tlii.v  iiavc  ..lu-c 
Iki'ii  attraiii,!  hy  a  iiiaKi'ict.  I'Iu-m- 
■Ti-  calli'.l  iiia«iitiic  siiltstanci's.  Thcv 
rniiaiii  nia),'iulizi'<l  ..iijy  as  loiij,'  as 
tlifv  arc  it)  ti)iu-li  with'  lla-  iiia>jiu-t ; 
uiliiT  siil)>taiic«.>  wjuii  (imv  maj;iR-ti/oi 
I'liniiK-  pi-riiiainiit  iiia«mt>.  Stixi  and 
I'MJi-^Ionc  liavf  this  laiiilty.  A  loni- 
p;  •.-  nwlii-  is  an  artilicial  niannot 
"liiih  hviunus  a  pirniaiiftii  nia^jni-t 
"hill  riil)lK(l  with  a  magnet. 

What   Is   Elpctiicity  ' 

ii  vdii  ;>a»  a  hanl  nihhcr  oonih 
ilir(>iij,'h  your  hair,  in  fro-ty  wcathi-r. 
1  iracklin.u  smind  is  |irM(hu-ci|.  and  tlic 
indivi.lnal  hairs  show  a  tindcncv  t<. 
stiik  to  tiiL'  conil).  After  huiiiK  drawn 
thrun.t;!i  ynur  liair  a  few  times,  ymi  ma. 
tintice  that  tlie  o>mh  hasbecmne 
iliartjed  with  electricity.  This  electricity 
is  produced  by  friction.  Not  only  riih- 
Ikt  hiu  many  otlier  substances  become 
electrified  by  friction,  such  as  a  bar 
of  sealins;  wax  rubbed  with  flannel,  or 
.1  ijlass  md  nibbed  with  silk,  will  show 
the  same  (jualilies.  and  these  siiniile  ex- 
perintents  teach  us  many  of  the  funda- 
mental facts  about  electricitv. 

.Some     sim|>le    experiments     wiil     be 
found  instructive  and  interestint;.    Rub 
withtl;miK-l  a  stick  of  scalint,'  wax  until  it 
is  electrified  ami  then  brinir  it  dose  to  a 
pith  ball  which  should  be  liim.L;  by  a  silk 
thread.     The  i)ith  ball  will  at  o:ice  be 
attracted   to  the   sealing:   wax.    ami.    if 
brnupjht  quite  close,  the  ball  will  adhere 
to  the  wax  for  a  few  moments,  and  then 
tly  away   fr.m   it.     The  ball   will  now 
be  repelled  b\    the  sealiu!;'-  wax  instead 
of  beiiit,'  drawn  toward  it.     Xow  take  a 
i^lass  rod.  rub  it  with  a  silk  cloth  after 
Iryintr  it  thorontrhly.     When   the  pith 
ball  is  broutrht  close  to  the  jjlass  rod 
^t  .ilso  will  at  first  be  attracted  toward 
the  fflass  and.  it  broui:ht  in  contact  \\i!!i 
the   class,   ilu.   pill      ,,;|   „.j]|   adluTe  as 
'ii-tMrf,      It    will  also  then  flv  away  in 
•''(•    -:anic  \v:iv   i"    did    fmni   tin-   st.ali,vr 


"ax.  I\'e|)eal  these  experiments  witii 
the  sealinj,'  wax  now  -ind  vou  will  find 
file  ball  will  hi-  atlacheil,  a>  it  was  at 
first,  but  if  it  touches  the  wax  it  will 
•iKain  ailhere  for  a  moment  and  then 
ll\  away.  l!y  nsiny;  the  sealin;;  wax  and 
L;lass  rod  alternatelv  and  brini^in),'  them 
mto  contact  with  the  jntli  ball,  vou  >li, 
coyer  that  when  it  is  aiirailed'l.v  one. 
11  IS  repelled  by  the  other,  and  ihit.  afer 
It  has  been  in  cont.ict  with  either  for  a 
I'W  inomenis  it  is  m.  h.uyer  attracle.l 
b>    it. 

We  learn  thus  tli.it  lli.-  electricitv  in 
the  ylass  ami  the  sealin-  wax  are' not 
liie  same.  I'.,  distinjiuish  the  two  kinds 
"I  attr.ictinii.  we  s;,v  i!.c-  ^dass  s 
ehar^ed  with  positive,  or  vitreous  elec- 
tricily.  uhtle  the  char-e  ou  the  si-aliu;; 

wax  is  called  nej;ativ- ;.„,i,.,  ^.|^,^r 

tricity 

When  the  pith  b;,!l  a  ,s  luk-Iu.,!  with 
Ihe  seahn-  wax.  it  became  filird  with 
ne-.ative  electricitv.  and  was  then  no 
lon-er  allracted  bv  the  wax,  but  was 
repelled  by  it  aii.I  attracte.l  l)v  the  jjlass 
rod;  but  when  the  ball  had  been  filled 
with  positive  electricity,  it  was  repelle.I 
by  the  K'ass  and  attracted  bv  the  wax 
Ue  conclude  fr..m  these  facts  that 
bodies  tilled  with  the  same  kind  of  elec- 
tricity re()el  each  other,  while  bo.lies 
tilled  with  opp..siii.  kinds  ..f  electricitv 
attract  each  other. 

\\  hen  two  substances  are  charged  as 
we    say,    with    electricitv    of    opp„.site 
kinds    ami    are    broiit^ht    int..    contact, 
and    left    so    f,,r    some    time,   the    twd 
char^'es    disappear,    ,,ne    aj.pearin-    to 
neutr.ihxe  the  other.        l-n,m   this    we 
conclude,    and    riduK.    that    anv    sub- 
stance   not    electrified,    contains'   e(|ual 
amounts  both  positive  and  negative  elec- 
tricity.     When,    therefore,    we    rub    a 
piece   of   sriass   with    silk,    we   ar»  not 
creatniy:  electricitv,  but  onlv  separating 
the  different  kinds.     The  I'x.sitive  elec- 
tricity  adheres    to   the   "lass,   and    the 
ne-ative   remains   behind.   ..n   the   si!!< 
It'  the  same  manner,  when  we  electrifv 
-c.ilin..:    wax   with   flannel   the  ntyative 
kmd  remains  in  the  sealin-  wax  and  the 
flannel  becomes  chartjed  with  the  posi- 
tive       Whenever    a    h,,dv    is    electrilied 
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WHAT  LLLCIRICITN    IS 


MiiHiut^  art-  iiarticularly  \alii.il.K-  m  li>'- 
iiiK  raw  material  in  a  sucl  null.  I ''f  >■»<'• 
ln't  piy-ir.iii.  tr..iii  whUli  >ttil  i<  inmli-.  lU" 
l.f  haii.lUil  la-iW  iti  llii>  «ay.  whcrias  il 
u.>tili|  Ik  iinpn-Mlili-  t..  liandlr  ^a"."-.  "> 
liaiul.  S.MMctiiiu>  urc.il  i|U.iiit.iii>  .|l  irMii 
art'  l.ri.kiii  itl«  1>>  tlu-  inaisiKt.  S  wiinht  «it 
nialiv  tons  is  lit'tiil  U\  the  niamut  aii.l 
all-.wi-.l  I.,  tall  "11  till-  mau-rial  to  lu- 
limkiii  iii>  llii-  v\«iKlit  falls  a^  sooii  as 
till-  iiirrnil    i-.  tiiriiitl   oil. 


Ficccj 


ot    niachmcri    which   cnntm,    !..■    lifted   by   men   on    account   ul 
o:    niai..        J  ^^^j   ^1^^^^  ^^^  handled  cusily. 


tlicir    great    weipht 


\\ll\r   (lOOl)  wr)  BAD  COMHCTORS  OP  Fl.rCTRICITY  ARF: 


'v  iriitinii.  Iiolli  kiiuN  oi  rU'cirifity  arc 
::<"liu-i-(l;    it    is    i!ii|iossihk'   to   ppiillicc 
lie  kiml  witlluiit  till-  "itliiT. 

N'l'ii   mii>l   riilt  till-  fiitirc  );I;is«   rod 

•  r  l),ir  (if  scaling'  wax  t..  electrify  tho 

luilf  iif  it.     I  f  Kiih  a  part  .if  the  i^'lass 

■111  or  scaliii};  wax  is  riililifil,  onlv  tlial 

irt    bcTiitiii's    I'Icctritii'iI.    a^    m.i\     in- 

lifiwn    Iiy    trying    to    attract    a    pith 

'.11    with   til.'  part    that    has   imt    hivii 

:  Mill  I.-.  I 

1 1,  howfviT,  the  charged  |)art  of  the 

■  iliiii;  wax  i-  hnniyhi  iiiln  i'.>tiiarl  with 

mital  mil  risiiiif,' nti,.  sax.  a  .Iriiikiitj; 

-,'.i>s.    the    rod    bei-oiiu>    cliari;i-il.    not 

"lily   where  it   is  lirotiylit   into  contact. 

'mi    all    over    its    surface.      Substances 

ver  which  electricity  tkiws  rcadilv  are 

I'led   con.liict.ir-    of    electricitv.       .Ml 

iiielals  are  of  t!ii~   kind.     Things   like 


and 


ealin;. 


wax  liver  which  clec 


■lity  dues  imi  tlow   readily,  are  caile.l 
n-condiictiir-,  or  insniators.     Water. 
1  human  Imdy.  and  the  earth  are  i^'ood 
"iidticturs  ami  ruliher.  jiorcelain.  iiiost 
resins,  and  dr>  air  are  non-condiicturs. 
Nun   have  already   learned   tliat    snli 
t.inces  charvied   with  (ii)p. isite  kiinN  nf 
electricity  attract  each  other,  and  sub- 
stances ciiaryfed  w  iih  the  same  kind  repel 
each  other.   We  will  try  to  discover  win 
-uhstances  charj;ed  with  either  kind  .if 
clictricity    attract    small    liirht    objects, 
such  as  pith  balls,  when  these  latter  arc 
not    chariieil    with   electricity.      .\s    wf 
have   discovered,  all   subsiances   which 
have   remained   undisturbed   have  Imtli 
kinds  of  electricity  present  in  them,  in 
e.jual    anioiutts.      Now,    when    an    tui- 
chars^-ed  body  is  bniu,L,dit  near  a  charged 
body,  the  two  kinds  uf  electricity  in  the 
uncharv'ed    body    have    a    tendency    to 
sejiar.ite.       The  kind  opposite  in  char- 
acter, to  that  on  the  chars^'ed  hodv.  is 
atfracteil  toward  the  chartred  bo.h,  and 
the  other  kind  is  repelled.    Thus,  if  our 
bar  of  sealinjj  wax,  charged  with,  let 
u.s  .say,  nefjative  electricity,  is  br.iutrht 
near  a  pith  ball,  the  positive  electricity 
in  the  ball  is  nttr.-icted  to  the  side  nearest 
iheseaiinu  wax,  and  the  ncijative  elec- 
tricitv is  repelled  to  the  farther  side.   .\- 
the   positive   electricity   on   the   pith   i.s 
nearer  to  the  scalins:  wax  than  the  ne"- 


aiive.   Its   attr.iction    for   the  ncp.itive 
charge,  on  the  sealinir  wax,  is  stron),'er 
than  the  repulsion  between  the  negative 
electricities  nf  the  two  objects,  and  con- 
se<|uent!y.   the  ti.ill   i^   aftr;icti,.i   to   the 
sealnij,'    wax.      If   the  cliar;,'ed    scalini; 
wax  is  broui;ht  near  a  j,'oo<i  conductor, 
which   is   supported  on   some  non-con- 
dticliTij.'  subsiaine.  such  as  u;l;is~.  silk, 
or   rubber,  over    which   electricitv    will 
not  ll.iw,  a  nuich  more  cmnplete  separa- 
tion oi  the  two  kinds  of  electricity  oc 
cur»  on  the  conductor  than  on  the  pith 
Kail.      If   the  chari.'e.l   sealiui,'   wax    is 
I'roUKht  near  one  end  of  a  metal  ro.l  .so 
|>lacei|.  the  charge  of  ney:alive  electric- 
ity  uimii   till-   M'aliuir   wax   will   attract 
tlie  positive  electricity  on  the  metal,  to 
thai   end.  and    will   repel   the   nei,Mtive 
electricity    to  the   utlur   end.      When   a 
pith    ball,    hun^:  by   ihe    silk   threa.l,    is 
brouyhi  close  to  eiih.r  end  of  the  metal 
ro.l.  when  the  char-ed  si-alini;  wax  is 
near  the  other  en.l.  the  pith  ball  will  be 
attracted  toward  the  rod:  but   will  not 
lie  attracted  if  placed  dose  to  the  middle 
of  the  ro.l.      Ihis  proves  that  the  metal 
ro.l  Is  electrified  only  in  the  parts  near- 
est   to    and    farthest    awa\     from    the 
ch.ir-ed  ImkIv.     The  two  kin.ls  of  elec 
tricity  neutralize  each  other  at  the  parts 
ui   between. 

If  now  we  take  two  conductors  and 
place  them  end  to  end.    ve  have  for  all 
pr.ictical   [iiiriioses,  a  sin,i;le  conductor. 
It  has  the  decided  advantatre.  however 
of    beiu!,'    easily    si-p.^nited    into    two 
parts.     \\  hen  an  electrified  .substance  is 
broii^dit  do.se  to  one  end  of  such  a  con- 
<Iuctor,  a  charpe  of  one  kind  is  attracted 
to  the  near  portion  of  the  conductor 
and  a  charge  of  the  opposite  kind   is 
repelled  to  the  farther  part.     l!y  s^ia- 
ratin?  the  two  parts  of  the  conductor 
we  learn  that  one  of  the  ends,  which 
liave  iK-en  in  contact,  is  chartred  with 
positive    and    the  other    with  '  nej-ativc 
electricity. 

_^ This  act  of  separating  the  two  kinds 
o:  e;ec;r;city  upon  a  conductor  by 
nie.ni^  of  a  charge  upon  another  bodv 
which  is  not  permitted  to  come  into 
contact  with  the  conductor,  is  called  in- 
duction, and  two  charges  of  electricitv 


WHAT  A  U-NDIN  JAR  IS 


]ir.MiiK<(i  iti  I'lii-   v\.i>     "ii.  kii'-un  .1--  m- 
(lucrd  cliargi's. 

Tlicrc    are   other    ways    in   which    a 
charse    of   electricity   ina>    he   induced 
upiin  a  coiidnctor.  <  >ne  end  ni  the  cnn 
diictor  niav  he  connected  with  the  eartli 
bv  means  of  some  piod  cuiidiictintr  'n^' 
teriai.     an<l     the  '  charged     substance 
brought    close    t..    the    other   end.         \ 
c!iari;e.  cij-jiosite  in  diaracter  to  the  in- 
itial charjre.  is  attracted  to  the  end  of 
the  conductor  that  is  near  the  chari:  ■(! 
budv.  and  ttie  elei  ncity  of  tlte  opposite 
kind  is  repelled,  throuizli  the  cm.luctor 
to  the  earth,   i'v   -ecurini;  the  coiniec- 
tion  with  the  earth,  while  the  charged 
budv  is  near  the  conductor,  a  cliari,'e  is 
obtained    upon   the    coniluctor.    tl'.at    is 
opiio>ite'    ill    character    tn    the    initial 
cliartre.     This  nuthod  of  charyiui;  con- 
ductors, by  iiitluciion.  is  practically  the 
same  as  the  one  first  described,  for  the 
earth  is  a  conductor  of  electricitv.  and 
corresponds  tn  the  more  distant  part  of 
the  two-jiiece  conductor. 

\n   instrument,   known  as   the   elec- 
tr.iphorus.  is  e-pecially  desi.i;ned  tor  the 
pruihiction  of  electric  cliatuts  by  ludtic- 
ron  in  the  manner  just  de-cribed.     1  his 
iiistrmnent    con-i-t-    of   a   bras-    plate. 
..11  an  iusulatiiii,'  lian<lle  of  ;da.ss.  and  a 
divk  of  -caliu;,'  wax.  fitted  into  a  brass 
didi.  whose  ecii^es  rise  somewhat  lui;her 
than"  the  surface  of  the  wax.     In  usiul; 
the  electrophorus  the  brass  dish,  or  sole. 
i>  placed  ..pon  some  snpiiort  that  will 
c.ndnct  electricity,  and  the  .-ealini;  wax 
,lisk  i"  then  nibbed  vii,'orousl>    with  a 
,.ii-ce  of  llaiinel.  or  calskin.  which  elec 
iritie-   the   -calinsi   wax.   with   negative 
electricitv.       The    bras>    plate    is    then 
;aken  bv  the  glas-  handle  and  brought 
.l.isc  to' the  iharged  -e.aling  wax.     The 
.hargc   of    n''gattve    electricity    on   th  ■ 
wax  attracts  a  charge  of  positive  clec- 
tri.ritv  to  the  under  -urf.icc  of  tbe  plate 
and  repels  a  negative  charge  to  its  up- 
per  surface.      If   the   charged   plate  is 
nnw  brought  into  contact  with  the  edge 
of  the  brass  dish  the  negative  charge. 
nn  tb.e  back  oi   the  pbue,  Hows  away, 
through    the   leg-   of   the   dish,   tn  the 
earth,  but  the  positive  charge  remains 
r,^  jlio  nnder  Mirface,  where  it  is  bound. 


l.\  the  attraction  ot  the  iug,ilu<'  ch.irgc 
on  the  disk  of  -ealing  wax.  It  tiie  br.iss 
pl.aie  is  uov  reiu'ived,  it  will  be  found 
to  be  charged  with  ])osilive  electricity. 

The  negative  charge  uiion  the  sealing 
w.i\  is  not  n  dueed  or  diminished  by 
Its  action  in  charging  the  bra--  idate. 
alio  it  is  jMissible  to  charge  the  ]'l  itc 
an  indetinite  number  of  time-  b>  iiR-aii- 
of  one  charge  on  the  sealing  wax 

The  charge-  of  electricity,  on Mhued 
in    anv    of    the    ways    that    have    been 
described,    are    necessarily    small,    and 
the    disturbance    proiluced,    when    the'. 
are    de-troyed    iiy    bringing    opp. .-itel\ 
charged   conductors    together,    is    ver\ 
slight,    merely    a    little    sn.ipping   noise 
and.  perhaiis.'  a  -mall  s|)ark.  that  seems 
to  leap  from  the  positively  charged    o.  - 
ductor   t..   the   negatively   charged   one. 
when  thev  come  very  close  togetlier.  I'.v 
tile  u-e  of  electrical  machines  of  v.irion- 
kiiids,   in    some   of   which   the   electric 
itv    is    produced    by     friction,    and    in 
others  b\   induction,  conduct. ts  may  be 
charged  with  much  larger  (|uaiiti!ies  .it 
electricity,     .uid     the    disturb.ince    pro- 
duced by  their  di-cbarge  is  greatly  in 
cre.ased.    The  noi-e  i)roduced   is  l.iiidei 
and  the  spark  much  brighter,  aii.l  leap- 
from  one  conductor  to  the  other,  while 
thev  are  much  farther  apart.     It  is  p. is- 
sible  to  produce  still  larger  charges  of 
electricitv  up<iii  conductors  it   thev  arc 
arranged  so  a-  to  form  what  are  called 
C(i;idc1'-er';. 

What  Is  a  Lcyden  Jar  ? 

t  >iie  of  the  commonest  forms  of  cou- 
.len-er  is  die  !.e\den  jar.  which  is  so 
named  because  it  was  invented  at  l.ey- 
<Ieu.  in  I  iolland.  This  is  a  glass  jar.  upon 
the  outside  of  which  is  fastened  a  coat- 
ing of  tinfoil,  that  cover-  the  bottom  of 
the  jar  and  extends  two-thi.  's  of  the 
wav  up  the  side-.  Inside  the  jar  there  is 
a  similar  coating  of  tinfoil,  and  through 
the  top  of  the  j.ir.  which  is  usuallv 
made  ..f  wood,  extends  a  metal  rod.  '^n 
the  upper  end  of  the  rod.  there  is  a 
metal  liall.  and.  at  the  lower  end.  i- 
attached  a  chain  wiiicii  run-  .iown  t.. 
the  bottom  of  the  i.'ir  .md  re-l-  ii|n.n 
the  inner  tinfoil  coating. 
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111  uMiiii;  ilie  l.i'vdcn  jar,  the  hall  uii 
liK-  Miftal  rod  that  riiiis  ihrMut,'!]  tiie  toi) 
"t  till'  jar  is  cnniicctfd  with  an  ciLrtrical 
iiiachiiic,  and  tlic  jar  i.s  supiKirtcd  niion 
sdMK'  conducting'  material,  throiii;!] 
uiiich  electricity  may  he  cimxevcd  iruin 
tlic  outer  C'latiuj,'  of  tinfoil  to  I'he  earth. 
1 1  the  inner  coaiinj,'  of  tinfoil  is  now 
cliari^ed  with  positive  eiectricitv.  hv 
means  of  the  electrical  machine,  it  in- 
duce-, upon  tile  outer  coalin-  of  foil,  a 
charLie  of  ue,i;ative  electricity,  which  is 
hound  hy  the  attraction  of  the  positive 
charge  on  the  iii>iile  of  t';e  jar.  At 
the  same  time,  the  positive  electricity, 
"H  the  outer  o.atiui,'  of  f,iil.  is  repelled. 
iliroiij,'li  the  conducliii;,'  .support,  to  the 
c.irth. 
I  I  he  ch;iri;e  that  can  lie  communicated 

to  :he  niatiti};  of  the  foil,  inside  the 
l.e\(len  jar.  is  !,'really  increased  hv  the 
presence  of  a  charge  of  the  op;'),, site 
kiml  of  electricity,  on  the  coatiui,'  on  the 
outside  of  the  jar.  iCach  of  these 
chari;es  attracts  the  other,  lhrou,s,'h  the 
.triass  (if  the  jar.  and  serves  to  hind  or 
hold  it.  If  either  coatinjj  of  foil  is  re- 
moved, the  ch.ir;;e  on  the  other  coating 
lends  to  Hy  olT  the  tinfoil,  and  will  im- 
medi.itely  do  so,  if  a  conductor  is 
hrougl.t  near.  It  is  hecause  the  neijalivc 
effects  of  the  initial  chartre.  inside  the 
iar.  and  of  the  in<luced  charije  outside 
the  jar.  make  it  pos^ihle  to  cot. ..tuni- 
cate, to  each  coatin^j  of  ^oil,  a  lar.tjer 
char;;e  than  it  could  otherwi.se  he  made 
to  receive,  that  :i  [.ivdcn  jar  is  called 
.1   condenser. 

When  .1  Ley.. en  jar  is  disconnected 
tnmi  the  electrical  machine,  two  i^ppo- 
site  charges  of  electricity  are  present  on 
it,  one  inside  and  the  other  on  the  out- 
-idc  It  the  twoco.its  of  tinfoil  arc  now 
cotnuvti.l,  hv  means  of  a  condenser, 
they  w  ill  .it  once  neutralize  each  other, 
and  the  jar  will  he  discharged.  A  jar 
mav  he  dischartred,  hy  simpiv  takin- 
hold  of  the  tinfoil  on  the  outride  of  tlic 
iar,  with  one  hand,  and  touchiufj  the 
■iu:;il  pm,!.  runnini,'  throusrh  the  top  of 
the  jar,  with  the  other.  If  vou  do  this, 
i  llicrc  will  he  a  sudden  flow  of  eiectricitv 
I  tlii-oiit^h  vnur  hodv,  vonr  muscles  will 
.:ivc  a  sudden  jerk,  and  you  will  feel  a 


I'cciiliar  tm.L^inii,'  sensation.       in  other 
words,  you  will  have  received  a  shock. 

It  is  not  necessary,  for  the  hand  that 
docs  not  grasp  the  jar,  actuallv  to  t.aich 
the  rod  that  runs  through  the  toj..  If 
the  hand  is  hrought  toward  the  rod, 
rather  slowly.  \ou  will  .see  a  sjiark  leaji 
across  the  space  hetween  the  red  ;md 
your  hand,  while  your  hand  is  still  ...,uv 
distance  from  the  rod.  'Ihe  greater  the 
distance,  across  which  the  sjjark  leaps 
the  hrighter  will  he  the  spark,  .uid  the 
stronger  the  shock  produced.  This 
di.stance  is  sometimes  spoken  of  as  the 
length  of  the  spark,  and  it  indicates 
the  size  of  the  charges  on  the  tmfoil 
coatings  of  the  j.ir. 

Who  Discovered  Electricity? 

it  may  s,v:„  .lutinil!    :.,  l^^lu-w,  tliat 

the  tmy  spark  and  weak  -n.-ipping  nmsc 

that  are  produced  ulieu  a  I.evdm  jar  is 

discharged,  are,  in   manv  respects,  the 

•same  as  lightning  and  thunder,  but   it 

IS  nevertheless  true.     This  was  proved 

l>y  lienia:mn  hVan'-lin.  ah^.ut  the  middle 

ot    the    ISih    rciitiir\,    in    the    following 

way.     (  )nc  alternoon.  when  a  thunder 

shower  wa.s  approaching,  he  sent  up  a 

kite,  to  the  string  of  which  he  fastened 

a   large  metal   kev ;  and   to  the  kev    a 

rihhon  of  non-condiuting  ~.\\k.  which'lie 

held  n  his  hand.     When  the  rain  had 

I'ceii    i.ilhng   long   enough    to    we:   tlie 

Mnng   thoronghlv,    it    hecnine    a    good 

conductor   of   eiectricitv,    and    1-ranklin 

t.iimd  that  the  key  h.ad  hec.imc  cliarged 

with    electricit'.     transmitted    from  "the 

clouds,  along  the  wet  kite  strin<'     The 

non-con.lucting  silk  rihhon,  that' formed 

the  continuation  of  the  kite  string,  from 

the  key  to  his  hand,  was-   employed  t-i 

prevent  hini  from  receiving  shock's  from 

the  passage  of  the  elect-icity,  through 

Ins  body,  to  the  earth. 

'  p  to  this  point,  vour  attcntio-i  ha-^ 
been  directed  in  charges  of  eKciricitv. 
\ou  have  been  told  how  tiiev  may  he 
produced,  what  s-nie  of  tlieir  leading 
tironcrties  it-,i  ,,,,1  ...■!,-.»  .-.(T. ...:.-  ;'.,_'.. 
produce,  when  thev  are  discharged* 
The  subject  that  will  now  he  CKplahied 
to  vou  is  that  of  electric  currents. 
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What  Is  an  Electric  Current? 

i'i,    all    ck\t;k-    current,    i>    nicMiif    a 
ll(.\v   i.i    electricity   aliMis^  a   comluctur. 
ihc   \i>w   of  electricity,   tliroiiKli   y""'" 
l)i>(h  ,\vlien  \()U  receive  an  electric  shuck. 
i>  a  current,  liiil  it  la-t.--  only  tor  an  in- 
stant, and   it   is  difticnlt   to  learn  nuicli 
aliout  its  nature.     I!y  the  use  of  various 
devices,   it    is  possible   to   i)roduce   i  .r- 
rentj.  that  will  contiiuie  as  loni;  a-  we 
want   them,  so  that  we  are  enaliKd    to 
-tiilv  t!ieir  jiroperties  (|uite  thoroUL;lily. 
(  i.ie  of  the  (ildest  and  simples!  f.irnis 
Ml  apparatus,  for  jirochicing  electric  cur- 
rents,   is   that    which    i-   known   a-   the 
voltaic   cell.     This    f'^rni   of   ap|)aratns 
m.iy  very  easily  be  constructed     I'nur 
sduie  water  into  a  k'-i^^  .'^r,  aii<l  add  a 
little  sulphuric  acid.     Now   pl.ice  u\  the 
water  a  ^tri])  i.'f  clean  /inc  ami  one  ni 
clean  copper.     Do  not  let  the  strips  of 
metal   t'.ucii   in   the   water,   but   connect 
then;  oiitside  the    w.iter  by  means  of  a 
piece  of  wire.  W  hen  this  lias  been  done. 
i.  current  of  electricity   will  he  sent  up 
aliiii;,'  the  wire  and  through  the  water 
lielwccn  the  \\\t<  strips  of  zinc  and  cop- 
per.     This  current  is  said  to  flow  aLmi; 
the    wire    from    the    copper,    which    Is 
called   the  positive  ])ole  of   the  cell,   tn 
the   zinc,   which   i-   called   the   negative 
pole.     In  the  liqniil  in  the  cell  I  i.e.,  tile 
jar  I.  the  current  tr.ivels   from  the  zinc 
to  the  coi)per,  thus  cinnpletin:;  wh.-it  is 
called   the  electric  circnit.        \\  henever 
the  circuit  it  broken,  that  is,  whenever 
there  is  a  gap  m.ide   in  the  wire  cnn- 
necinig  the  poles,   -.r  anything  else   is 
done  to  .iesif  y  the  •-mipleteness  of  the 
path,  along  which  the  current  travels, 
the  current  ceases ;  consequently,  when 
it   is   desirable   t.i   stop   the   current,   all 
that  is  necess.iry  is  to  cut  the  wire  con- 
necting the   two   strips   of  copper   and 
zir.r. 

The  production  of  a  ciuTeiit  of  elec- 
tricity, by  means  of  an  .apparatus  of  thi- 
Mirt,  depends  upon  the  chemical  action 
of  the  acid  in  the  water  upon  the  strip 

^C   .,;. —           \ /-    1,.M,T    ..       til,.    Tcwt    rr»nttnnpc 
Ol    i£li:t-.        -^s    :'*:r_i^      t-    --a     ■ . . — 

to  act  upon  the  zinc,  the  current  is  pro- 


,!r 


n  tile  zinc 


■n  the  acid  cea:  ■  s  to  act 
the  current  ceases  to  flow. 


if  the  zinc  is  clean,  the  clienucal  acuon 
of  the  acid  ceases,  whenever  the  circ     t  i-- 
broken,  and  conse<|nently,  when  '       -ell 
Is  not  being  used  to  produce  a  current. 
the   zinc   is   not    dcstroyc  '   by   the   acid 
I'.iit  if  the  zinc  is  imt  dun,  small  elec- 
tric   currents    are    set    up,    wiihiu    the 
li(iui<l,  between  the  zinc  and  the  impuri 
ties  on  its  surface,  and  around  the  points 
where  these  impurities  lie  the  acid  act- 
njion  the  zinc  and  dissolves  it.     This  ac- 
tion  'if   ihe   .acid   upon   the   zinc,   when 
the  circuit   is  broken,  is  known  as  local 
action,  ,ind  it   is  verv  dcsir.ible  to   pre 
vent   it.   as    f.ir   ;is   possible.      For   this 
purpose  the  zinc  is  often   rubbed  with 
mercury,  whch  s,  i.iks  into  the  zinc  and 
tonus  ;i  film  on  its  surf.ice.  upon  which 
the  impurities  float.     This  treatment  of 
the  zinc  is  known  as  amalgani.ition.  a-d 
it    serves    tn    prevent     almost    all    the 
local    .utioll.    due    to    lUipuritlrs    oi    the 
zinc 

AI.uu  otlier  -ulist.incc-.  !ii-idi-  zinc 
and  Copper,  h.ave  lieen  touud  capaMe 
of  yielding  an  electric  current,  when 
placed  in  a  suit.tble  lii|uid,  and  many 
other  lluids.  besides  w.ater  that  contain- 
a  little  sulphuric  .aciil.  Ii.im'  been  ctn- 
ploved  to  act  upon  the  zinc  and  c  i'Iht. 
or  the  substances  used  in  their  stead 
Xunierons  cells  of  ililTerent  kinds  h  ive. 
therefore,  been  de\i-ed,  but,  in  all  of 
them,  the  current  is  produced  by  chem- 
ical act'o'i  M'  St  of  them  contain  a 
l'a|uid  of  some  sort,  which  is  called  the 
exciting  fluid,  and  tun  solid  substances, 
which  are  called  the  elements  of  the 
cell.  Hue  of  these  elements  is  always 
much  more  suscei>tibk'  to  the  chemical 
action  of  the  exciting  fluid,  than  the 
other,  and  this  one  is  known  as  the  posi- 
tive element.  The  other  element,  upon 
wliii-li  the  exciting  fluid  may  have  no 
action,  is  called  the  negative  element. 
In  cells  in  which  the  elements  are  zinc 
.and  copper,  the  zinc  is  always  the  posi- 
tive element,  I  his  ma>  seein  strange 
to  you,  for  you  have  .already  learned 
that  th.e  zitic  is  the  negative  pole  'if 
the  cell,  but,  to  avoid  confusion,  \ou 
must  fix  well  in  your  mind  the  fact 
that  the  zinc  is  not  the  positive  element 
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"1  ,1  Mill, lie  iiil.  lini  u-  iif^.'im I'  ]"iH', 
aiiil  tiiat  the  C(ipi)ir,  \Uiicli  I'wnu-  I'nc 
iic.u'ativc  ck'iiictn  is  ilic  jjusitivc  pole  of 
tlic  cell,  'i'lic  currents  iirodiici'il  hv  the- 
varidus  fi)riii;>  nl  voltaic  cells,  varv  cuii- 
>i(lcral)iy  in  strcii^tli.  l)iU  nunc  of  them 
are  very  stroiiij.  In  order  to  ohiaiii  a 
stroiij^er  current,  a  tinnilier  ol  cells  n!U>t 
he  nseil  to.i;ether.  Siicli  a  collection  of 
icIK  forni>  a  voltaic  hattery.  anil  m 
-oiiie  iii--tances,  as  many  as  tift\  tlion- 
-aiid  cell-  have  heeti  n-ed  ui  a  -ini;lc 
haltery. 

\\  e  ha\e  alread.  k'arned  in  our  stiidv 
ol  water  that  it  may  he  ••eparatcd  inin 
11-  elementary  i;a-es  In  sending  an 
cKctric  current  throui;li  it.  The  efl'ecl 
is  a  chemical  one.  Water,  however,  is 
not  the  only  snh-tance  that  is  decom- 
posed liy  electricity:  almost  ;ill  chemical 
c(jmpoimds  may  he  decompo-ed  hv  the 
pasva'..;e  of  :i  current  tIiroiij;h  them.  ])ro- 
\id<'d  a  I'lirrent  of  -ntViciem  >treii.s;th 
!<  Used. 

\nolher  i-lt'eci  of  the  current  i-  it- 
healing  effect.  It  li:i-  liecn  fonnd  tliai 
the  pas-a;;;e  of  an  electric  current, 
through  any  ho(l\.  i-  alway-  jiroductive 
if  a  I'ertain  amount  of  heat.  I  hr 
iinouni  of  heat  produced  depend-  upon 
the  strenu;t!i  of  the  ctirrent  of  electricit\-, 
and  the  re-i-tance  to  its  pas-aj.;e  that 
i-  olVcrrd  hy  the  hody  thronrrh  which  it 
travel-.  This  amount  is  increased  h\ 
increasing  either  the  -treni:;lh  of  the 
current  or  the  resist.ance  of  the  con- 
hictor  alon^  which  ittr.ivel-  We  have 
ilread\  learned,  th.it  -onu-  -uh-i.ince- 
dlow  eKctricit\  to  pa--  o\rr  tium  vciv 
readil>'.  and  are  therefore  called  con 
diictor-;,  while  -nhst.ances  throutjh  which 
'•k'Ctricitx'  doi'-  not  tlow  n\idil\  arc 
known  as  non-conductor-.  \'o  suh- 
-laiice  is  a  perfect  iion  coniluclor,  for 
electricity  can  he  made  to  pass  through 
.inv  snlxtance,  if  the  current  i-  suf- 
ficiently pnwerl't!!.  Xeither  i-  auv  <uh 
-tance  ;i  perfect  conductor,  for  .ill  suh 
statire<  offer  some  resistance  to  llie  p.is- 
-,1-e  of  ,ni  electric  currc'ii.  Tho-e  -uh- 
.01I1.-...  th.'tt  are  ord.iu.'irih.'  con-ilderc:! 
;_n)od  conductors  offer  v.aryiny^  dey:r-,'e- 
of  resistance  to  electric  current-.  l"or 
exanipk",  a  copper  wire  offer';   les?   re- 


-'■-wUice  than  an  iron   wire  of  the  -,ime 
leii},'th  and  diameter. 

The  resistance  of  a  hody  deiiends  ucjt 
only  upon  its  m.ateri.il.  hut  also  uiion  its 
leii),'th  and  si/e.  In  conductors  of  the 
same  material,  the  resistance  i-  directh 
proportional  tu  the  leiiijth  of  the  con 
diu'tor.  and  inversely  proportional  I  ■ 
the  -i|u,ire  of  ii.  di.ameter.  Ihi-  i-  not 
-urpri-iii-.  for  :in  electric  current  liear- 
.1  stronir  re-emhlaiice  to  a  current  oi 
"aler,  in  many  of  its  pro])erties,  and 
voii  know  tli.at  it  is  harder  to  fi  rce 
\\,iter  throui^h  loufj,  narrow  pi|ie-,  tli.in 
throti-h  -hort.  wide  ones, 

I  r^  '111   aIk'iI  1i:(-  lu'i'ti   -t.ilel  ahout   re 
-i-t.inci.   you    ma>    -ee.    llial    .i    ciirreui 
will    produce    more    he.il.     in     p,i--iiiL.' 
throui^di  .1  1   iii^  tine  wire.  tli,i:i   tlirou-h 

■  i-horter  ,iud  thicker  .me,  ,iiid  tlia!, 
of  two   conduct' 'T-   of  the   -.■mie   .rii-ln 

■  ind  -i/e.  hnt  of  different  maU'ri.'il,  one 
may  he  heated  much  more  hx  ,t  current 
than  will  .•mother. 

.\  third  etieci  of  tlK'  electric  current, 
which    h.i-    not    previously    heen    niei; 
lioned   i-   it-   ma^tietiziuij-  effect.      It     s 
upon  thi-.  ih.it  -..me  of  the  most  inp'.r- 
I.i:  ■   etfecl-  of  electricit\    .lepend. 

r.\    coilim,'-   ;i    \\ire    .iidnnd    a    hir   ..f 
iron  or  -ti'el.  .md  t!ien  -endini,'  .in  elec 
iric    current    tlin.ii^ii    it,    the    piece    of 
iron,  or  -teel.  i-  m.ide  t..  -how  nia'^^netic 
I'ropertie-.       I'.y    llii-    i.    nieaiit.    :i-    vo'i 
'louhtle--   know,   th.'it   the   ir.iii   will   liow 
.'itti-act    otiicr    pii'ce-    n|'    irnu,    op    -tee!, 
'"   ".       The   -ireiuth   of  t!ii-   ;ittr,iction 
ilepends  upon   the  -trenutli  of  the  cur 
rent.  ;iiid  upon  the  luimher  of  turn<  of 
uire    .iriiuud    the    l).ir.       \\\     iiicre.i-iir.; 
ii:lur  tile   -tren'..;tli  of  the  current,  or 
the  miniher  of  turn-  in  t!u'  coil  of  wire, 
.iround    the    hir    .f    ir.  .n,    the    stren.tjth 
"f  ii-   ni,i-netic  ,ii'r,iction   i-  increa-ed 
When  the  current   i-  -t'.pped.  the  m,a.^'- 
i^etic   propertie-   of   the   iron    'H-appcai 
almo-t  >-om|)kteK,      \  mai;iiet,  th.it  de 
peiid-  upon  ,1  current  of  electricil\    for 
it-  inaL^nelic  power,  i- called    in  electro- 
ma  i,met. 

!'<■_•    K-  i';-   -!r-        ;;i       ...      ; 

*'■''''  ■■•'*s''Ci  •       iil^  i".        .O  f 

others,  which  are  called  permanent 
mai„'P.ets.  [•'lectro-ma^'-iiets  are  com 
posed  of  soft  iron,  the  softer  the  l.>etter, 


i    1 


s.w, 


\\n\  A  mm  has  a  siinci 


aiiii,  as  "^ooii  a>  the  current  m  i  ici.'- 
tricity  ceases  to  tlow  arouiiil  them,  their 
niajjiietic  properties  ilisippear.  I'eniia- 
lUMit  iiiai;nets.  on  the  contrary,  are  made 
of  steel,  ami  their  nianneti-ni  is  inde- 
pendent of  tlie  action  of  a  cnrrent  ot 
electricity.  No  cuil  of  wire  is  wound 
around  them,  and  no  current  is  em- 
ployed to  maintain  their  mai;netic  prop- 
erties. A  piece  of  steel  may  l)e  mad  ■ 
to  hcconie  a  permanent  maijtiet,  by  ji.iss 
inp  a  cnrrent  of  electricitv.  lor  a  con 
-iderahle  time,  throni^li  a  coil  of  wire 
wound  around  it,  or  l>y  allowing;  a 
piece  of  steel  to  remain  for  some  time 
in  contact  with  a  stronsj  mag;net.  When 
a  current  of  electricity  parses  throui;li 
a  coil  of  wire,  wo;md  around  a  bir  of 
■-teel.  it  takes  lon.ijer  to  ma^natize  the 
steel  than  it  would  to  magnetize  ir'iii. 
but.  when  the  current  cea>e>.  the  mag- 
netism does  not  all  ilisai)pear  frum  the 
steel.  A  i)ortion  of  it  remains,  and  the 
~!eel    becomes   permanently   iua!.;iietic. 

It  a  thin  bar  of  steel  is  niajjtietized. 
and  i-  tlieii  susitended  by  its  middle,  so 
t:  at  it  cm  <i>rint;  freely,  it  will  be  found 
that  one  end  tends  to  point  tow  aril  the 
north,  and  the  other  toward  the  snuth 
Whenever  the  bar  i-  swr.njr  out  of  this 
p'lsitii'U.  it  swings  back  to  it.  and  if 
the  north  end  is  turned  entirely  .armmd 
ti  the  south,  it  does  not  remain,  but 
-winyfs  back  to  it^  former  position.  This 
^hows  that  there  is  ;i  difTereuce  in  the 
mapneti^m  .it  the  two  curls  of  the  mag- 
net. 'I'o  indicate  this  difference,  the 
north-seeking  end  of  ,i  magnet  i-  called 
the  po>.itive  p"le  ipf  the  maijnet.  .and 
the  sMith-seeking  end  is  known  as  the 
nctr.itive  pole. 

I'.y  sii>pi>ndin^  two  bar  magnets,  tn 
the  manner  de-cribed.  it  can  be  shown 
that  the  positive  and  negative  piles  of 
the  m.iunels  act  like  i)ositive  and  nega- 
tive char;,'es  of  electricity.  I'oles  of  the 
same  kind  repel,  and  pole»  of  opposite 
kind-  attract,  each  other. 

Perm.mcnt  magnets  are  usnallv  mad( 
in  two  forms,  either  straight  or  horse 
siiiio  shaped.  A  compass  needle,  .is 
has  beet!  shown,  is  an  example  of  a 
strai'jht  magnet.  The  horseshoe  vari- 
etv.  which  ha-  a  little  bar  of  iron,  called 


tile  keeiHT,  laid  .icio-s  tiic  poles  is  i 
common  toy.  l-'.lectro-magncts  are  sel 
dum  seen,  excc].!  i  i  electrical  instru- 
ments or  machinery.  The  pictures 
sliown  on  the  following  pages  give  u- 
a  bird's-eye  vii'W  of  some  of  the  Wdu- 
ders  jierformed  by  these  electro-mag- 
nets. Tons  an<l  tuns  of  material  are 
picked  up  and  held  securely  by  one  o' 
lluse  magnet-  as  easilv  as  \k\i  can 
hold  Mil  td  an  .cpple. 

Why  Does  a  Bee  Have  a  Sting' 

I  he  bee's  stmg  i>  gi\eu  luni  as  a 
we.ilioii  of  ilefence.  I'nm.irilv  it  i-  for 
the  sole  purpose  of  cii.ibliug  him  to 
help  defeiiil  the  I'.ive  from  his  enemies. 
Sometimes  wl.'-::  he  is  att.icked  aw..y 
from  the  hive  he  uses  his  sting  to  de 
fend  Innisetf.  When  he  does  so.  he  in 
jects  a  little  i|nanti;y  of  poi-on  through 
the  sting  .'11111  lliat  is  what  causes  the 
iiillammation 

How  Does  a  Honey  Bee  Live  ? 

rite  bee  live-  in  swarms  of  from  b', 
UH)  to  .lO.OX)  in  one  house.  In  the  wiM 
-t.ile  the  house  or  hive  is  located  in  .1 
hollow  tree  gener.ally.  These  swarm- 
c<jnt,iin  three  classes  of  bees,  the  ])er- 
feet  feni.iles  or  cpieen  bees,  the  males  or 
ilroiie-.  ami  the  imperfectl.  developed 
females,  or  working  bees.  In  each  hive 
or  -w.irm  there  is  unlv  one  perfect  fe- 
male or  i|iieeii  who>c  solo  mis-ion  is  t" 
propagate  the  species.  The  i|iieen  is 
much  larger  tli.in  the  other  bees.  When 
she  die-  .1  young  working  bee  three 
days  old  is  selected  as  the  new  (|iieen. 
Iler  cell  is  eiilarge<l  by  breaking  down 
the  partition-,  her  food  is  changeil  to 
"roy.al  jelly  or  pa-te"  and  she  grows 
into  a  i|ueeii  bei'.  The  <|ueen  lays  2.tXK) 
eggs  ]ier  da\ .  The  drones  do  not  wr)rk 
and  after  performing  their  dutv  .1- 
males  .ire  killed  by  the  working  bees 
The  female  bees  do  the  work  of  gather 
ing  the  honey  Ibex-  collect  the  honey 
from  the  llowers.  the\  build  the  wax 
cells,  and  feed  the  young  bees.  When 
;;    colony   bieomes    oVcrsIocked.    .1    new 

colony  is  sent  out  to  establish  a  new 
hive  under  the  rlireclioii  of  .i  <|U(cn 
bee 


THE    BEGINNING    OF   A   STEAV\SHIF> 
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Prnliahly  no  form  of  construction  is  so  interesting  to  everyone  as  the  conslriution  of 
a  liin;e  Miaiiier.  a  wonili-rl'ul  "Vity"  afloat,  with  its  tl.oii^anils  of  pas>oiit;cr»,  its  iliousarid 
otliciTs  .itul  cnw,  the  treuiciulims  st^ires  of  provi>ions  anil  water,  ami  ihc  prcciMnu  uith 
which  tlie  great  ship  plows  its  way  from  one  shore  to  the  other. 

Thi>  picture  shows  the  lirst  wnrk  in  ImiMitig  a  modern  steamer,  laying  the  keel  and 
center  plate,  upon  wliioh  the  mas-i  e  huM  is  ci-nstrticiud.  The  rivets  arc  <lii'i'n  liv 
hydr^'iilic  power,  noi^eIessly  hut  tirml\.  hi  tlic  new  "liritannic ' — lar>;est  of  all  l!riti-h 
stean:ers  and  the  ncwot  (lOt.^)  modern  leviathan — over  J,"0  tM!is  of  rivets — nearly  ihrte 
niillii'il  Ml  all — were  rei|iiind  to  yive  staiiiuhiie-s  to  the  steil-plated  liull.  The  cellular 
il.iulili-  b.'tlniii   i^  co.istrucud  Ijctwteii  the  bottom  and  top  of   tlie  ceiuer  plate. 


A   LuNotK   VllW    oe    lUt    AbuiE  Ul'LK.MlU.N. 


XN       IHi:  CkADI.L  Ol    A   STllAMSHIP  CALLLD  A  -UANTRN 


VIKW     \F\R     Tin      ROW. 


i  lie     'rius      ■•!    llic     'ilritdluiK.  ■    >In>\\ui^    liir    Mr*-k    Ui\15l'>ii>.    tii    imllmc.      Ttlf   illlKf    ")i'i"M ) 

or  cradle  of  steel,  in   which   "Britanmc"   was   built,  cost  Sl,ooo,ooo. 


THi:     r.KiTANNic     OK  Tiir:   uiiiTi:   ^^AK   line.     V!i:'a-  ok  the  iiouui.K-   i'.ottmm    fi,  mffi. 


niL    HUIjL    steel    skeleton    ok    TUL    "uKlTANNi 


liLKuRE    THE    I'LATEe    U  EKE    I'LACEI)   ON    IT. 
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Tin    pbtes  are   seen  piled  h;  the   forcRroiind.     The  largest  of  them   arc  36  feet  long  and 

Heigh  4'i    tons   each. 


;iii 


im     SUM'    U\  \\)\    K)    |,A[  NCM 


niK    III'L    IT.-FIF    IS    (,4'    .^"    nF.IP.    AM)    FROM    TIIF.    KIFI.    TO    TllF    TOP   OF    THF.    FINXRIS    IS    i;5 

riFI.      Trr     •.  •■  :  :    ii.;;     I-,     ill.)'   (,"    ,\i:,,\i:    TIIF    KFFI,. 


Ki;.\[)V  Tn  I  MM  n 


The    T,ritannic"  on  the  ways  at  Belfast   (Harland  &  Wnlff'sV     The  largest  pantries  ever 

ronstructed  In  lii.lij   a   ship. 


THE;    .MACHIMRN    LSi;i)    IN    LAUNCHING   A   SHIP  ;il 


rul:U.\KU    LAL  Nv.  lll.NL.    lii.AU     (  111  I  KAll.K    ). 

The  •;nip  wont    l'r"in  tlio  ways  jiitn  thi'  water  in  <ij  scciiiids  and  was  stupiml  in   tuicc  lu  r 
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TllL     lU^.r     mi;      l.hh  r     lUl.     W,\\~     i    N-U-i      AXP     cHiAIII.    ..-.l.-i     a     ^MALL     -11    \>H. 


WHAT    A    SHIP'S    I'kOl'KLLIlk    LOOKS    LlkR 
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Iirc<<tire 
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rliamitfr,    cast    of    one    bolui    piece    of 
The   "niltaiiiiic"   like   "Olympic,"   is   propelled   by 


Id'   6" 


conte--    Cthc    tiirhinel    propeller, 
ic   lirim^e,   Jj   tuns    in    weiKlU. 

of  reciproc.itinR  engines,  the  exhaust  steam   from  these  being  reiiseii  in  the  low 
turbine.    effcctinR    Rreat     economy    in    coal.      The    two    "wing"     propcll 
diameter    and    ueii;h    38    mns    each 


wiMg      propellers    are 


Mi 


WMVI     \    sMII'N    IM^KIM     l(MiK>    IIM 


The  ttirliine  mnt..r,  130  ton';  ;:i  weicht  rParsnns  t\-pc).  The  steam  pI;i\N  iip,,n  the  hiadt- 
with  ~M.h  ,,...A,.r  tli.it  thi'v  (ievi'!.,|>  ii>.<>k>  h..rM'-p.,-,viT  an,!  revolve  the'nr.ipcll.r  (tiirl.iie 
'!>>  •'•   ■  ii;r     '.        Ihe  ni..t„r  w   13  lirt  hi  .lianuter,    13'  8"  lotiK.  the  Iila.lcs  (numberinr 

''■"■■'"  '      '  ■      •■  ■  •^^"':    IS  to  i,s'_,  inches  in  length. 


now   \  riNM  I    M'i'i  \ks  luioi^i    ii  is  in  pi  \ch 


.ii" 


Uuc  ul   the  fuur   uiiiiun.,    fniim-U- u  nli.  ,,,i   il,-  ..iin-r  ca-ini;,      I-;acti   i;,   IJ5   feci   abovt  the 
hull  ui  till-   >liii,   ,,n.l   iinuMiris   J^'  <i"   In    hj    o". 


WHAT  A  GREAT  STEAMSHIP  WOLLD 
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LOOK   LIKE    IF  SPLIT  END  TO  END 
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WHAI    WMIR    IS    MADU    OF 


What  Is  Water  Made   Of! 

i.\ir\  Kui'Iiii  -iili~t'i!KH'  ill  tlu'  wuiM 
i-;  iiia.li-  ii|>  ul  tiny  (lortioiis,  iMfli  of 
wliiili  is  (listiiKtI\  jii>t  what  tlu-  \v  1  .K' 
mass  is.  Imt  wliidi  arc  so  -mall  \on 
i:;;tiiiol  -.ci-  tlu-iii.  A  i)ilc  of  >ani|,  or  n 
iiilitiil  of  siiijar  or  salt  consists  of  a 
j,'riat  many  small  };raiiis.  A  <.-iii)  of 
waiir  too  is  made  u|i  of  what  we  wonM 
call  small  i;rains  of  water,  or  what  w  i' 
wmilcl  call  ..grains  of  water  if  wc  CoiiM 
think  of  tlicm  in  the  same  way  a-  we 
do  siipar  or  salt  or  sand.  These  ]iar- 
ticlos  are  so  small  that  they  couM  not 
l)c  seen  ■^eiK.rately.  ''ven  if  the  particK's 
cid  not  iiave  tiie  ahility  to  stick  so  close 
together  that  we  conid  not  distins^uish 
them  ev n  if  tliiv  were  large  enough 
to  lie  si'i-n. 

Tile  wo;'.l  used  in  descriliing  tlu-so 
tinv  jiarticles  in  any  -nhstance.  water, 
sngar.  sand.  <alt  or  anything  cKe  is 
irolende. 

What   Is   a  Molecule  ? 

i  1:1  .',  "T'l  ri'.hiulc  means  "smallest 
mass."  which  indicates  the  very  sni.ill- 
ist  ilivisioii  that  can  he  made  of  any 
suhstance  without  <lestroying  its  i.Icn- 
tity.  I'.very  suhstance  is  maile  up  t)\ 
moKciiles.  and  in  many  cases  the  mole- 
cules of  one  snhst.iiue  will  mix  with 
those  of  another  suhstance.  while  in 
oilier  cases  they  will  not.  When  \on 
disso'vo  sugar  in  water  or  melt  lead  or 
change  water  into  >;team.  the  i>hysical 
hody  of  the  suhstance  is  changed,  hut 
the  molecules  remain  as  they  were 
They  are  only  changed  in  so  far  as 
their  relations  to  each  other  and  to 
those  of  another  snhstanci'  are  con- 
iirned. 

How  Do   Wo  Know   a   Thing  Is  Solid. 

Li(iiiiii  or  Gas  ? 

The  relations  of  the  mnlecuk's  in  any 
suhstance  to  e.ich  other  is  what  ileter- 
n'ines  whether  a  suhstance  is  a  solid,  a 
lii|uid  or  a  gas.  .\  ga<  is  a  snhst.iiue 
in  which  the  molecules  arr  cunsi.niile 
iiii:v!ng  r;i]>idlv  ahnnt  amoiig  ra^'h  oth.rr 
hut  .ilways  in  straight  lines.  .\  lii|niil 
suhstance  is  one  in  which  the  mole- 
citles  are  also  constanlh-  mo\ing  about 


t'lii  wliuli  .'ill  nut  mo\e  in  sti.nj^lii  Imr, 
.•^'iliiis  ,ire  stil, stances  in  \\liivli  tin- 
mokcules  stick  together  m  one  iiosinon 
hy  the  power  of  cohesion  which  thev 
liave.  I'ohesiiin  mr.iiis  the  iMwe''  'it 
slicking  togellier. 

}•  ow  Bijj  Is  a  Molecule  ? 

\\  c  do  not  .IS  M'l  kiui\s  .all  llirrr  is 
to  lie  le.inud  almiil  iiu.leiuK-.  \\'e 
know  tliriiiiL;h  the  wmidrrs  of  rhiMii- 
islry  that  sni.di  as  ,i  iiiulnuK-  i^.  n  is 
still  made  np  of  smaller  p.irticies  cilKd 
aioms.  .\n  atom  is  tlu  smalU-si  di- 
vision of  :m\  tiling  th.it  i-.m  he  iinag 
ined.  We  have  fuilild  In  rluilii~lrv 
that  even  .1  niolirulr  is  cipalile  m  hr- 
ii!g  ilivided.  i.e..  it  is  in.nlr  uji  of  siiH 
smaller  particles,  hut  iiinlniiKs  .ne 
small  enough.  .\n  eminent  scuiUis;. 
.^ir  William  Thomson,  has  given  us 
prohahly  the  nearest  approach  to  .1  cor- 
rect way  of  saying  something  of  the 
size  of  a  niolei-uK.  "if  a  drop  nf  w  1- 
'ter  were  magnit'Kil  to  tlir  ~]/v  of  ilie 
earth,  the  molecnlrs  wmiM  1  .idi  oc- 
ci'.]iy  sjiaces  greater  ih.iii  those  lUJed 
hy  small  slu  i  and  sm.dler  th.ip  tlui-e 
occupied  li\-  cricket  halls." 

To  get  at  what  water  is  ni.idr  of  we 
must  separate  it  thnmgh  cheiiiisirv 
iiito  its  p;irts  or  aloiiis  Wlu  n  we  do 
this  we  I'md  that  a  iiioKciile  of  witer 
is  m.ade  of  thri'e  atmiis  m-  ji.irl-  Two 
o;  these  are  exaclK  .dike  .md  con-'-t 
of  ;i  gas  called  hyilrogeii,  .and  the  other 
p.irt  is  another  gas  called  oxvgen.  con- 
cerning which  gase<  we  have  alread\' 
Uarne<l  much  in  the  answers  to  ollur 
euestious  in  this  Imok  In  other  words. 
V  hen  we  sep.ar.ite  watrr.  i-  liich  i-  .t 
liijUid.  ilHo  its  ]iai|s.  we  cliailge  the  re- 
litions  of  ihc  iiinlicnles  in  the  watrr 
vvhich  iiiiKe  in  Irregular  lines,  into  pinns 
which  iiio\e  in  straight  lines  and. 
wlien  llu  niol(  cnh's  of  a  snhsi.ance.  ,is 
v.e  have  .ilre.iiN   seen.  iiio\e  111  straight 

lines,  the  siilisi.iii,  e   ih-c es  a  gas.    (  hi 

the  f)tlier  hand,  wluii  mhi  freeze  wati  r. 
i'  hi-conies  .1  sulid  I  ice  I,  ,nid  in  doing 
t'l.ai  \iiii  lis  the  niolicnii-s  in  the  w.iter 

Men  thonvlit  to--  a  long  iniie  th.it 
water  ua-  .in  •  li  iiieni  like  ox\g(ii  and 
hvdrogen.  i    e  .  that  its  molecules  could 


rm   1)11  ri;ki;Ncr.  ur  twlin  ilhmi-nts  and  compoinos 


;ii!» 


not  !,(■  -cparalr.!  m  it-  p.irl-.  ,iihl  w.i-. 
llUTi'furr.        Ciiiisiilifr.l       (Pile       . ,  f       tl)r 

llinii;-.  u  hi.-li  .-onM  n.it  l,,-  ,li\i.lr,I  np. 
I'lit  thi^  w.i-  (Itir  In  111,-  I.I, -I  th.il  It  r,'- 
'jiiir,  ~  .'I  ;,'r,,,t  amiiiiiil  <if  pnwrr  to 
liicak   lip   ilk-   iii')!i',-iil<.->  (It'   ualtr. 

V'/IkU  Is  an  Element  ? 

\ii  (linuMit  i-  aii\  -iili-taiu,'  uli,,-,- 
I'lnliiail,'.,  ,-aiiiiiit  lie  I.ri.lsiii  up  an. I 
inailr  In  I'nnii  ntlur  -iili-lama-  \i,u 
>••"  '•il.r  mit  111-  111,,!-;-  tK-iiii-iiN  ami 
inakr  a  iimipnun,!  wincli  i--  wliat  uatiT 
'"  \  iniiipMuiiil  i\  a  Mili-taiicr  in 
\>.  Iii.li  llir  111,  ,lciiiK-  arr  iiiaik'  up  ni 
.i!  lia-l  two  kiii.N  ,,f  (Iciiu-iiN  (ir  cli-- 
iiKutary  suli--laiKr-. 

1  111-  tliinj;>  \\(-  till,!  in  tin-  \\,,rl,i  an- 

l'ni'\Mi    as    citlitT    ,■ piJuii,N    av    ,-K-- 

'■  >  II'--  Nil  ilriih-iii,  a-  \\i-  lia  .■!■  al- 
n-i'l\  l,-ani(-,|,  i-  -,  ihuiIum^  in  wlii,-!i 
llu-  iiinlroiilis  iMiiii.it  In-  l,r,,k,ii  np. 
\  ii,iiipiniii,l  iv.  tin  rri'iiiT.  a  -ul 
.-l.'iiu-o  ill  wliii-li  ill,'  iii,iI,,-uK-  art- 
ma, If  (It  ni,iU-,'uK--  lit'  iiin-  (ir  in,.n-  vK-- 
i.uiit-  aii.l  i^  i-itlu-r  L;a-.  Ii-|iii:l  it  -,i!i,|. 
.■',-i-'T,liii-  tn  till-  rvlalii.iis  wliu-li  tlu--,- 
i::<iK'>-ul,  -  lia\r  |,i  ,-a>-|i  ,.ilu-r.  \\\- 
l'i\r  -II  tar  ,liMii\,-ri  ,1  K-~  than  t-i,i;lity 
r,-,il  flriiu-iii-  111  tin-  \\,ii-M.  alllmiiuii 
"">>r  \\>-  liiiil  a  :u-\\  mi,-  i-,rr\  lillU- 
i\liiK-.  tlirn-  arr  pr,i!ialil\-  niaii\  ni,.n- 
-'-   \,I   uii-li--,  ii\i-n-,l. 

\,il  all  rKiiu-iit--  arc  v;a~i-~.  nl"  ,-iiui--i- 
Siili.N  Ilk,-  .-iippvr.  i,',,M,  iriiii.  Kail  ami 
a  iiiiiiili,r  Ml  ,itli,  I  ~  arr  rl,-iiu-nlJ. 
\in,iiii;  li,|iii,K  u,-  have  iii..-rcur\.  iml 
lit  tilt-  ua-t-  wt-  liiid  k\  ,iriiL;t  11,  iiitrn- 
1,111  am!  ()\\i;i-ii.  wliuli  art-  tin  tlir,-c 
\' mult  rful  ,i;asf-  ali,,ul  vvlii.li  w  f  arr 
-t'',iul  tn  U-aiii  -I  iiiu-tliiiii;.  an, I  lln--f 
ll  rn  art-  al-n  tin-  wnrM'.  ni,i-t  iinpnr- 
i:  lit  L,,i-t  -  \iiiin,,nia  i-  an  t-k-iiu-nt, 
kill.  ',\liilt-  >ti-  lliiiik  111'  it  a-  a  li,|iii,|,  llu- 
r,  .ll  aiiinii  im.i  i-  i-t-,iil\  a  l;.i-  t  hir 
k.iU-,-li,,M  .iniiniiiii.i  i~  n-alK  :i  ,-,iiii 
P"Uii'l     III     aniiiiiinia      uilli      -niiu  iIiiiil' 


What  Is  Hydrogen  Gas? 

I  i\  ilr,  ,!;,'n  i-  mi,  ,,1  ik,-  i-l,-in,'n.t:ir\' 
-i!li-.|,iiu-t--  in  llu-  I'.rrin  ul'  a  i,m--  I' 
1;,-  11,1  i-nkir  nr  la-It-  ,ir  ii'kir.  -,i  \m- 
,  .  n  ut-itlu-r  -tt-,  --iiu'll  iinr  ta>U'  it.     It  is 


Iki-     !l-ll!,-l      Mlk-I.in,-,-      kllnull       III      111,- 

V"irkl  W'f  lia\,-  li_\  tin-  aiij  nl'  tlu-iii- 
i-tr\-  liii-n  alilf  tn  t.-alfh  aiiij  ni.iin  it 
III  -utlhuiit  i|uatititit-s  In  \\c-iL;li  it  an,! 
kavc  fi)iiiiil  it  to  ill-  lii^hUr  tli.iii  .-iiiy- 
Iliiiij,'  i-Ise  ill  thf  work!,  Ii  i-,  vihililt- 
i-i  w.-itiT  atid  ,-niii,-  ,iilur  li,|uiil-.  Init 
only  slicjjitly  so  It  ni'r.ul-  ii^ht  \,ry 
-iroii^l\  ami  will  ak-u-k  in  a  \t-r\  rt-- 
11  ark.ililf  iiiantur  witk,  -nin,-  im-ials 
•-iktii  tlu-\  art-  lu-atfk  it  knrii-  uitli 
.  ki-aiilit'iil  kill,-  tk-init-  aiul  \i-r\  i^rt-.it 
ln-at.  Wluii  Ininu-il  it  , -.1111111111--  uitli 
oxy,i,'fti  in  tiu-  air  ami  f. inn-  w.itt-r. 
I ''y<irn;,'t-n  i-  imt  pni-nn.in-  kut,  if  in- 
l';-U-ik  il  prt-vfiits  tilt-  kl.Miil  I'riini  -f- 
turiiiL;  n\y-fii.  ami  -.1  ilu-  inli.iliiiL,'  of 
li>iIro.i;t_-ti  will  t-au-o  .k-.iili.  I  l\  ilrn^jfii 
i-  not  fmtml  frt-f  in  tin-  ,-,ir  ,-\t-t-]it  in 
Mliall  (|ttantitit's  lik-.-  o.\yj,H-ii  ami  niim- 
.L'ltt  ;im|  is.  thc-rcforc.  si->-uri-il  kv  -t-p- 
.ii-.itiiVL;  fntiipoiimls  liy  kii,)\\n  nit-llio,|s. 
It  tan  In-  -t-fiirt-il  liy  tlu-  aftioii  wliifli 
•iilult-il  -ulirliiirif  ,-u-i,l  ll,,-  1,11  /in,-  nr 
I'-iiii.  k\  p.-.-sini^  -it-.-ini  iliriiii.i;li  a  ri-il- 
Imt  tukt-  lilk-.l  wiili  iron  trimtnini;-.  kv 
p,.--iiii:  .-111  tk-itrit-  fiirrt-nt  throu.i^li 
\\-ilt-r  .--lul  ill  niiu-r  \\a\-.  I  1\  .Imir,..,,  is 
:'k-nlni,l\  m-i-i---:iry  In  t-\t-r\-  fnrni  nf 
animal  nr  \  ,-i;,-!.-tlik-  -triu-turt'  il  is 
fnitml  in  all  .-u-iils. 


What  Is  Oxygen? 

iKyi^in  W.I-  .li-,-,i\,-n-,l  in  1774.  Il 
I-  an  t-l,-iiu-iii.ir\  -uk-lam-f  in  tlif  fnrni 
'■'  a  f^.i-  wiiiiii  i-  fniiml  frt-i-  111  tin- 
-'ir.  ll  is  t-nlnrlt---.  l,i-li-li-,,  ami  ,i,l,ir 
k -s  ,-in.l.  Ilk,-  li\,lriiL;t-ii.  i-.-niiint  tlu-rt-- 
li-rt-  k,-  -1,-11,  t.-i-ti-il  nr  -im-lk,k  It  is 
-nluklf  in  \\.it,r  ,iml  ,-.iiiiliiii,--  -,,-ry 
ri,-i,lil\-  w  ilk  111,1-1  nf  llu-  1  1,  in, -lit  .  lii 
111,1-1  t-.-i-i--  wlu-n  .i\\L;,-n  tninkim--  with 
nilu-r  tiling-  llu-  prn,-,--  nf  i-ninkiniti},' 
1-  -o  rapiil  tli.-it  li-ki  ami  Ih-,-iI  an- 
1  vniliu-,-,1  ilns  t-iiiiiliiii.-|iiiin  i-  t-alk-il 
.■nniku-linii.  Wlu-n-  llu-  prnt-fss  nf 
i-omkiiiiiiL;  witii  ,itlu-r  -uk-t,iiut--  at-ts 
slowly  til,-  lu-.it  ,-iml  lii^ki  prn.luot-il  at 
on,-  tinit'  ,irt-  n  ■!  t-ifii-k  |,i  I,,-  nntifcik 
\\  lu-rt-  im-i.il-  I  iriii-k  ,.r  i  u-i  ,.r  aniin.il 

,.,-         ^.-. .,.,;, 1,1..         ._:,h^n, ,;,-;._        .!...--,^  :<.... 

--Ill,-  lliiii::  tluiiiit-allv  is  t.-.kinj^'  ]ilatf 
-IS  wlu-n  yor.  li^'ht  a  tire  ami  produce 
ku'it  or  ht'.-it — voti  an-  iii.ikiiii;  tl'i-  oxv- 


(     I 


:;  ,11     Win   SOMI    I  HIN(iS  ARK  TRANSPARINT  ANh  OTHIRS  NOI 


i;iii  ci.mliiiu'  with  tlu'  suli^laiuT  m  tlu- 
material  wtiiili  is  Imniiiijj  \\  luii  iron 
i-  rustinj;  ">r  vi'fjitalik-.  (kcayiiii;.  llu' 
action  is  sn  slow  that  no  iicat  or  liu'l't 
is  ]>ro(lllci'il.  lint  tlu-  ri->iill  i~  tin-  sanu- 
il  some  outsiik-  force  elm-  not  -top 
the  action,  TIr-  lire  will  Imrn  nntil 
e\ervtliini;  htirnalile  which  it  can  reacli 
is  hnriUMJ  ont.  anil  in  the  case  of  the 
I'uce  of  iron  ni-linj:.  the  action  will 
U'o  on  slowlv  nntil  the  whole  piece  ol 
iron  is  liesiroyeil-  or  hiirneil  out.  Like 
ll\(|roi;en,  no  vej^elahle  or  animal  life 
can  live  without  ox\i;en  conlini'all\ 
j;'ven  it.  <  >xv.i;en  will  ile>lro\  life  aiiil 
will   -iistain   it. 

.Ml  of  onr  hoilv  heat  ami  nin-inlar 
iiiery^  are  proihice'l  l>v  >low  ccmilm-^- 
tuin  !,'oin.!.;  on  in  all  ],art-  ot  the  hody, 
of  oxvjjen  carrieil  in  tlie  hlood  alter  ii 
enters  the  limi^-.  In  -nnlii;lit  n\\j,Hn 
•s  exhaleil  li\   t,'rouin;4  planl>. 

(  )xvt;en  i>  the  ino-t  wiiielv  distrili 
vied  and  aliundant  element  in  natin-e 
it  anionnts  to  ahont  one-tifth  of  the 
volume  of  the  air  helt  of  tlu  earth: 
alxjut  ninety  jier  cent  of  all  the  wei.!L;ht 
if  water  is  oxvijen.  The  rmk-  ni  the 
e:  rtli  contain  aliont  tift\  per  cent  of 
i^xy^en  anil  it  i-  found  in  tno-t  animal 
and  vei,'etalile  products  and  in  acid- 

What   Is  Nitiogeti ' 

.\itroi;en  i-  the  third  of  the  wurld*- 
wonderful  and  important  i;ases.  It  i- 
j'lso  without  color,  taste  or  -mell  It 
V  ill  not  hum  or  help  other  -uh-tance- 
to  hlirn  arid  it  will  not  comhiiu-  ea-ily 
with,  'uv  other  I'lement.  It  will  luiite 
at  a  very  hit;h  dejjree  of  heat  with 
tnaynesium.  -ilica.  and  other  nietaK. 
Miout  ~.~  ]ier  cent  of  the  weijjht  of  the 
air  is  nitroj^en,  so  that  it  i-  a  \er\  im 
p(<rt..nt  part  of  the  a'r  ur  hiiathe  :ind 
it  is  alisolutelv  necessary  in  niakmi,' 
.-.U  animal  and  ves,'etalile  tissue-.  \\  hen 
t:nited  with  hydrogen,  it  iiroduce-  am- 
monia, and  with  oxyjjet;  otU'  of  tlu> 
n  o-t  important  acids — nitric  acid  It  i- 
found  free  in  the  air  and  '-  tln-- 
easilv  secured.  \'itro<;ep.  wlnle  \  rr\- 
in'.ofirtP.nt  to  all  kin.d-  of  life,  i-  knnwn 
as  the  (|uiet  i;a-  1\  -l.i\-  'jni'  '  li\- 
itself  unless  fnned  to  cmnliinr  n.i  ler 
threat    jiower    with    other    ihiiu:-.    anil. 


I  >. en  under  iho-t-  cunduion-.  will  cmn- 
hiiu-  r.irely.  We  tind  a  i;ooil  de.il  of 
I'tro^eii  in  the  hlood  hut.  while  nc 
luid  the  nitro<;en  which  is  found  in  the 
liloiid.    it    does   noihint;   ])articu!arlv   to 

the  111 I  or  the  re-t  of  the  hody.     The 

nitro^ieu  which  the  hod\  uses  is  valu- 
.ihle  to  the  hody  otdy  when  found  in 
a  compound.  This  nitro<,'iMi  which  the 
l.i.ily  needs  is  secured  throU!,'h  ve;,'e- 
tahle  prodiul-  -nch  as  the  wheat 
from  whicl)  nur  hread  is  m.ide,  and 
which  are  -.ml  In  -ecnre  their  nitro^fen 
I'irouuh  the  aid  of  luicrohes  which 
are  ahle  to  furce  the  nitrin;en  of  the 
air  into  a  innipound,  Sonu'  dav  ]ier- 
li  i|i-  We  -hall  kn.ow  all  there  is  to  know 
.Jionl  nitro'^eii.  which  is  the  le.ast 
Known   III    the-e   three   wonderfnl     .nid 

l:ei<---,ir\     Lj.ist's 

Why  Are  Snnic  Things  Timspai   lit  and 

Others  Not  ? 

Traii-]i.iri  ni\  i-  prodiucd  li\  the  way 
ra\-  III  lit;lil  l;o  tliront;li  -uhstance- 
■  if  mil  Wlieii  li'jhl  -trike-  a  siih- 
-;ance  th.ii  i-  .ilnin-i  prrfcclK  traiis- 
p;;rriit.  il  inr.in-  ih.il  ihe  rays  of  liyht 
Llii  llimn^h  il  alum-;  exactlv  as  tliev 
ciiiiu-  in.  \\  r  iliiiik  i|iiickl\  of  i;k'^- 
v'.licn  we  iImIiK  iil  -mnelliini.^  rr.idih 
transp.arent  W.iirr  i-  .ilnin-i  njii.ilK 
as  transp.iri  nt.  When  the  -uiiliLilil  i- 
-hinini;  on  one  side  of  a  |iane  of  ordi- 
n.iry  \\inilow  .ylass.  it  causes  every 
llr'ni;  on  lli.il  -ide  of  the  window  to 
retlecl  tlu-  liL;lii  which  -triki-s  it  in  all 
ihriilinn-  When  tlii--e  r.i\s  ipf  lioht 
-;rike  llie  windnw  ii:iiie.  llu-v  t^it  rit;ht 
Ihrouyh  ami  ili.il  i-  how  we  ;iri-  .-ihli- 
tii  -ee  llie  ifii-  and  ijrass  and  everv- 
thiiiL:  il-e  ilirouj.,'h  .-i  clear  window 
p..ne.  The  -.ime  n-.i-nti  .ipplie-  ,d-o  to 
the  waliT. 

^iiiiii  kind-  lit  window  ^;lass  (  tin- 
trii-trd    kind  I    wr   cannot    see   thron.sjh 

they  are  not  transparent.  The  sur- 
face of  a  frosted  window  ]iane  is  so 
t:iade  tli.il  wluti  ;he  lii;ht  nivs  strike 
il  the  r.i\-  are  twisted  and  hrokeil. 
.•Mill  dii  nut  iiinu-  tliriiiiL,'li  :i-  lhe\  m 
li-n-d    the   I'l.i-- 

.^1  iimtuiii--  thr  w.itrr  i-  .diiin-!  per- 
fi  rlh  ir.ni-|iari  111  W'lun  u.iter  - 
perfeclK    clear,   it    is  i|uile   tr.in-p.ireiit 


WHY    SAI  T    MAKIS    IS    THIRSTY 


W  lu'ii  yiu  lock  .It  nr  iiitn  w.iUr  l!i;il 
i-  Mill  ir  in-]i.iriiit.  wni  will  kmi'v  th.it 
tluTi-  air  |iarta-li.'S  uf  soliii  iiialttT 
tluatin^  aJKXit  in  it  \\liiili  iwi-t  aiiil 
mix  llic  lit,'lit  rayi-  li  thr  wairr  i^  imt 
|i"i  il(i'|i  Mill  can  vcc  tlir  lnillnni  ^iniu'- 
t.iiic>  t-\i-ii  ulii'ii  iIkii-  arc  ■-miir  j^ar- 
tidi's  of  soliij  Mil>st;uu-r^  tlnatiiiL;  almut 
ill  it.  Init  tin-  ilcc]j(r  tin-  w.itir  liu- 
ii;niT  Ml  ilu-f  -iilnl  |i.irluir^  tin  ri-  arc 
>,-iiuTally  HI  it,  -II  tliat  it  i--  ini|inssi|ile 
in  iiinvt  w.ilcr-  III  Sir  til'-  hiittiim  if 
tin-  w.itrr  1-  ilri|i.  111  -nnic  ]ilarf>;. 
I'l  i\\  i\  I  |-.  ilic  w.iur  is  --11  1  iiT  friim 
lI'Mtiu'.;  IMttnlfS  tli;it  the  h":tt(ini  "I 
tilt  nil. Ill  I  .111  lio  si-<-ii  at  i|ililc  I'liiiMil- 
tr.-iiili    iU']iths. 

V;iiy  Is  the  Sea  Water  Salt? 

\il  wat.r  lli.it  I'liiiir-  iiitn  tlir  n,  vaiw 
liy  \\:t\  n!  tlu'  ri\ir-  .in. I  miIut  ~tri-,iiiis 
I'liiit.iiiis  -.lit.  riic  .iiiiiiiint  is  sii  \crv 
-iiiall  for  .1  l;i\<!i  i|ii,iiitit\  nf  w.itcr 
lii.it  it  laiiiiut  lir  t.i-ticl.  Ian  all  this 
ii\iv  u.atiT  is  |Hinri'il  into  tlu-  urr.nis 
I'Miiin.illv  ,it  siiinc  iiiiint.  Al'trr  it 
'>.uii(s  the  I  HI. ills,  tlu-  w.itcr  is  rvap 
I'.ltnl  li\.  tin-  ;u'tlnn  nf  tliO  snil 
When  t'lr  Sim  iiii'ks  up  the  w.itrr  in 
thr  luriii  nf  innisinrf,  it  ilocs  imt  take 
nji  .in\  nf  till'  s,.].(l  siihst.iin'cs  uhii'li 
tin-  w.aUT  I'linlainnl  .a-  it  c.iiiK'  in  tmni 
thr  rivars.  ,iiii|  whiK  lliiTO  i-  .ahntit  .a 
iptuli  watiT  111  thr  n.rai:  .all  tlu-  tiiiu 
aiiil  .ihiiiit  ,!s  null  li  .aKn  in  tlu-  :ni  in 
tin-  Inriii  i<i  ninistnrr  .alsn,  tlu-  n.  r.iii 
iii-\i-r  yrts  fiilK-r;  tin.-  snhil  snhst,iiu-t-s 
fimn  til-  river  waters  ki-i  p  pOm-^  up 
in  tlio  (leeaii  anil  Hn.it  almnl  in  the 
water  there.  The  salt  which  is  in  the 
ri\er  water  lias  lieen  left  heliiiul  liy 
the  stin  when  it  eva|inr.iteil  the  water 
ill  the  oce.iii  fcir  so  Innj;  tli.it  the 
aiiKimit  of  salt  h;is  heeninr  vi-rv  im- 
tieeahle.  The  ninistitre  wliiili  the  sun 
t.-ikes  into  the  air  frnni  the  (xe.'in  i< 
eveiitn.illv  tnrneil  h.i' k  tn  the  rartli 
aj'ain  in  the  Inriii  ni  r.nii  I  In-  |iiii 
e<  ss  of  i'\  .apnr.itii ...  .iiul  preeipit.'ifinn 
i"  till-  fnnii  nf  rain  i-  i;nini,'  nn  .all  the 
tiiih-.     When  ilir  water  whiih  is  in  tlie 


pure  w;iti-r.  It  sinks  into  the  yroiiml 
aiul  nil  tlu-  wav  picks  up  some  s.ilt. 
fniils    its    wav    intn   a    river    sooner   or 


later,  .ami  thru  eviilciitly  j^els  li.u  Is 
intn  the  i.ce.an  Ml  this  time  it  ha- 
iieen  i.irrwiiL;  the  tiii\  hit  of  salt  whicli 
11  I'iikiil  np  in  i^niii:,'  tlimimh  the 
^rniiinl.  Iliit  wlirii  II  re.ichi-  thr 
ocean  .a^nii  .-inil  i-  t.ikcii  up  Ic  the 
sun.  It  li  i\es  Its  s,-ilt  IkIiiiuI  ami  so 
ll'a-  s;,|i  :!,,ii,  cniintlevs  (imps  of  water 
i-  cniisianily  lieinc  lift  in  the  ocean 
•is  it  .t;ncs  11],  inin  the  .air.  This  h.'is 
heeii  1,'niiiL,'  nil  fnr  coiititless  ajjes  anil 
till-  .■ininiinl  "i  -alt  has  heeii  increas- 
iiii,'  in  the  neeaii  .-ill  tlu-  time,  sn  that 
the  se.a   is  heconiini:  -.illier  ;inil   s.'iltii-r 

Why  Does  Salt  Make  Me  Thirsty? 

I  he  Mnnil  in  nnr  hmh  ennt.ain- 
.iliniit  the  saiiu-  ]iriipnriinii  nf  salt  ;is 
the  w.iter  in  the  neean  nnriiiall\\  When 
the  stipplv  i^  nnnn.il  we  dn  nnt  fee! 
tli.al  wi-  h;i\<-  tnn  inn  h.  -,ilt  ni  nnr 
s'-tenis.  hilt  when  \nii  take  s;ilt  intn 
Miiir  iiinnlli  the  perientai,'e  of  s:ilt  in 
ihe  hnilv  is  incre.i-eil,  .mi'I  the  heiiiL; 
tl'.ir-t\  ,  nr  the  ile-ire  tn  ,|riiik  w.-iler 
■  ilterw.-ir.l-  is  c'in-e.l  li\  ti.e  ileiii.-iml 
nl  the  hnin.an  -\-lein  that  the  -.alt  he 
'i-hileik  The  sv'^tcin  c.'ill-  fnr  water  nr 
snnu-thiiu:  tn  ilrink  in  nr,|er  lh.it  it  iii:iv 
cnttnter.aci  the  tnn  L:ri,,i  pereent.-ii:e  of 
-alt  in  the  s\stciii.  iMkcr  ihiiit,'s  aKn. 
"  lu-n  taken  intn  the  hnJ  in  tnn  <;reat  .'i 
I'ropnrtinii.  c;ii;se  tis  t,,  heemne  tliirstv 
'hh-st  is  nierel-'  n.ilnri '-  ileni.-nul  fnr 
r  lire  w.'iter  i<n  .ac.  nniit  i)\  the  neces- 
sity of  reilticini,'  the  |ierceiit.ii,'e  of  -i-nie 
siihsiani  e  like  s,i||.  ,,r  pn  lelv  .'i  nei  es 
site  fnr  h;ivi:  -  ninre  \\ater  iii  tlu- 
hnilv. 

What  Are  Diamonds  Made  Of? 

We  le.arneil  the  ik-titiitinn  m  ,iii  ele- 
ment in  oiir  stii^lv  of  w;iter  anil  nther 
•-tilist.'iin-es.  M.in\-  thintrs  which  \\  ere 
a!  one  tinu'  thotiylit  In  nnr  wisest  men 
to  he  flenu-nts  were  Later  fnimil  tn  lie 
I'ompounils  i,i  other  suhstance--.  Water 
is  one  of  these  wliuh  we  have  le.iriieil 
is  re;illv  not  .an  element  at  .all,  hut  eoni- 
poniiiU-i!  from  two  i;.iseniis  elemci-its. 
luilro^en  .iml  owm-n. 

it!  the  worlil  is  tl;e  one  out  of  which 
liiamotiils  .are  fonneil.  N'l.i  heeaiise 
ilianionils  are  so  v;ilnahle.  Init  hecatisp 


i 


\\H\    NM     I  I  AR    TUT    DARK 


liic  lUiiiv  Ml  ri'icrrt'll  in,  carhoii.  i^ 
t'liiii:  1  111  'Very  tis>iic  <>t  vvcry  tiviiii; 
tliiiii,'.  lidlli  animal  ami  miinTal  I'liis 
carliiiti  is  (>IK'  of  till'  llinsi  UmIuI  "f  all 
iltiiuiiN.  Imt  is  fdiiiiil  ill  ami  usi.il  by 
l:\iiiu  tliiiii,"-  al\va\s  in  cnnihinatiDn 
V.  nil  -  inu-  ntluT  snlistam-i-.  (  arlmn  is 
.inliii'titik'.  furniini;  i-arl)i>iiio  ai'id  ijas, 
I'liin  wliii'li  ilu'  t'arlh's  vcm'tatinn  si-- 
rin--  lis  iu'C(ssary  carliun.  utiivli  is 
\  1 1\   i^nat  in  ai'iount. 

\\  lull  heat  is  inailo  In  aot  in  ci-rtain 
u.:\^  (.11  till'  tissues  ol  animal  ami  v(.'.i,'o- 
t.ilijr  lite  we  j;i-l  i-liaR-oal.  lamiiMack 
iiii'l  rc.kiv  fai-aor  will  '-omliiiu'  with 
iriori'  lulur  >^iitistM.K-fS  llian  any  of  tin- 
I'tlur  kmiwn  vK'mcnt-.  lis  wnniU-rs  lio 
r;  ilu-  fact  that  nmlir  various  trt'at- 
iMiiIs  it  iirodiKTs  altiPLictlur  diffort-iit 
l.inkinj,'  thinsjs,  iilthouLih  ri'maininj;  as 
inn-  .aii"'ii  <  Uir  diamnmls,  for  in- 
siaiuT,  arc  I'liri'  carbon,  liul  our  lead 
I'ciicils,  that  i~.  tlu-  jiart  wc  write  with, 
aro  al-o  |iuri'  rarhon,  and  the  coal  wc 
hurn  i-  carhon  al-n.  It  would  he  hard 
to  ^a\'  wl'ich  of  tlic-c  three  forni-^ 
..f  I'urr  carlion  i-'  most  vahiahle  to 
Ilu  woiM,  A  i,'reat  many  rich  jivojile 
ii'ii;lt  ^av  diamonds,  while  the  poor 
[iroi.le  would  stirelv  say  coal,  e-iiei-ially 
if  \ou  a-krd  ihein  in  winter,  winle  the 
people  who  write  hooks,  and  new-l'.ipir 
n  porter-,  would  proh.ihly  s.iy  leaii-peii 
ciN.  Ilowi-ver.  it  would  he  helter  to 
choo-<'  dianifinds.  for  if  \ou  liave  ilu  ni 
\oii  e.in  alw.a\s  tr.ide  ihein  for  coal  or 
lead-pencils.  ,\  \er\  -m.all  di.anionil 
will  hiu  i|uite  a  lot  oi  either  co.al  or 
le.id-peii.ils,  C.irhon  i-^  one  of  the 
.ilid  element-  which  are  not  metals.  .\ 
::iT,-it  mam-  of  the  impiort.ant  elements 
ill  ihr  L.'rMii|  i  I  if  -olid-  ;ire  niel.-ds. 
V'hat   Causes  Dimples' 

\  ilinip].,-  1-  ;i  di-n'  or  d.pre--ion  in 
the  skin  o;i  ,i  p.nl  o'  ihe  hod\  where 
the  flesh  is  -oft  The  lih. ts  which 
l.-iy  in  the  li--ue  under  llu'  oiil- 
sid<'  -kin  h'lp  I"  li"ld  I'll,  -kin  firm 
'!  he-e  (ihers  which  ar'-,  of  cour-e. 
-ni:ill  run  in  .ill  direc'lion-  aiiil  are  of 
difTereiit  lenuths.  Xn  ;nid  then  llie-e 
C].^r~  will  iv-f  :etpp--!i  '.::  -ro-  -hor! 
if!  one  spot  or  llu  i.lher  and  pull  the 
skin  in,  formine  a  little  depression,  hut 
producini;  a  verv  ple.a-iuL;  elfect. 


Why  Does  the  Dark  Cause  Fear  ^ 

hear  is  an  instinct.  We  .ire  hx  ii.i 
I. ire  afraid  oi  ihe  thin;;s  we  do  not 
know  all  ahoul  I  li.il  is  why  knowl- 
edj;e  is  -o  \.ilu,ihle;  when  wi'  know 
ahout  a  iIhul;  we  .are  -ure  oi  our 
ground.  When  we  are  wlierr  u  i-  li^dit 
we  iMu  -i.-e  wh.it  i-  tin  re:  when  il  is 
liark  our  imaj;in.ition  becomes  active 
and  bec.iuse  we  do  not  know  for  cer 
tain  what  i-  there  in  the  cl.irk  Inf.. re 
u   .   wi'   ini.iL;ine  ihiuf.;- 

h'e.ir  of  the  .l.irk.  howe\er.  .■.intu.l 
he  sal.l  to  he  eiilireK  u.ilur.il  li  ..mi.- 
I'.atur.ih  oiiK  wh.n  we  h.i\e  c..nu  lo 
the  ai:e  when  we  be..,Mu  to  iiiLiiLjine 
thini.'s.  .\nini.il-  li.a\e  no  im.atrin.itivo 
|...wir-  .and  llu\  .lo  lu.t  f.-.ir  the  .l.irk 
Souii'  p.'ople  -:i\  th.il  tin-  fe.ar  of  the 
.'.  rk  i-  l.r.'.l  in  ii-.  hut  liule  babies  iln 
r.il  fiar  ihe  .I.irk,  If  lhe\  ;ire  jirop- 
erlv  tr.iinc.l  lhe\  will  .jo  t.i  -lee]i  in 
the  .l.irk  .aii.l  will  pref.r  llu'  .l.irk  \s 
thev  iir.iw  .'Mer  .'liiLlri'ii  I.e'.^iii  lo  l.'.ar 
the  .l.irk,  111!  tli.at  i-  hec.ni-e  th.'ir 
iniaL;in:ili.in  i-  comin,!,'  t.i  hie  aiul  he 
c:.u-e  pardits  so  often  m.ake  the  nii- 
I.-ike  .It  this  st.a.sjc  of  training;  their 
chil.jnn  of  either  eitcourau'in.,,'  the  f.-  1 
iiii;  of  fear  lli.il  .l.irkness  hrin',,'s  f,,r 
the  convenient  me.ans  of  pnni-hnieiil  il 
j.iovides  through  threateiiiui;  |..  put 
the  li'^dit  out,  or  1..  .-rinse  tlie\  .lo  tiol 
trd^e  the  p.iin-  t.i  -h..w  that  there  i-  ii.i 
re:i-oii    f.ir    l<-.'ir 

Mo-I  chiklreii  who  fe.ir  ih.'  d.irkne-- 
.-.re  re.ilU  taii>,dil  l.i  .1..  -..  i  ermanently 
l.y  parents  f)r  serx.int-  When  a  hov 
r)r  pirl  first  be^'ins  to  iiiia'.,'iue  ihiu'.,'- 
i-1  the  d.ark,  m.any  jLirinl-  run  .|iii.'kl\- 
to  the  chiM  an.l  sav.  'd  lon'l  he  .ifr.ai.l" 
or  "There  i-  u.ithin'j'  lo  he  .ifr.ii.l  .if." 
.-md  in  .l.iiu'.,'  this  |he\-  )ierh:ips  uieii - 
lion  ihe  w.ir.l  "f.:ir"  for  the  lir-l  lime 
iM-pi'lili.iil  of  this  will  .'ilw.is-  .■.•m-i' 
the  .-luM  to  .as-oci:ile  ihe  w.ir.l  "l.'.ir" 
w-lh  ".l.arkiie--."  \s  ;i  ni.all.r  of  f.u  t 
when  till'  bin  or  i;irl  lir-t  -h.iw-  I.Mr 
1  f  ill.'  .l.arkne--.  p.ar.'iit-  -liould  v."  to 
ihem  aiul  iiuiet  their  fi'.irs.  but  l.dk 
about  .aiulhiiiL,'  .l-e  but  fear  aiul  .liii'.t 
the  cliiM's  mind  .I'.v.iy  from  any 
ihotit;ht  of  fear. 


\SHiki;  woim;  C()A\i:s  i  rom 


■.i-t-.i 


The  S(()r\    in  u  C^oil   of  Rope 


How     many     have     t-vcr     li'wvi]     a 
lii'int^Iit  1(1  till'  r|iu-stii>n  (It   where  ro|ie 


(If 
iiil 


iDnu's  fnnii  and  Iinu  ii  is  mailc 
leali/f  uliat  a  variety  uf  uses  it  is 
I'l.  ami  liow  (lepeiKJeiit  we  are  iipdii 
11  in  many  of  the  everyday  atiairs  of 
hier  r.iit  let  suiipose  for  a  moment 
ihat  the  worM  were  suddenly  deprived 
"f  its  siijiply  (if  il)i~  very  commonplace 
material,  and  nf  In  siiialler  relatives, 
cords  and  tuiiie.  We  shonld  tlien  he- 
,i,'in  til  re,di/c  the  iiiipovtance  nf  a  secm- 


tomh  in  'i'hehes  of  the  time  of  tin 
rii.iiaoh  of  ilie  i-'x(jdn>. 

While  this  scene  is  >aid  b\  ilu-  best 
authority  to  rqiresent  the  prep.iraiioii 
of  leather  cords  for  use  in  lacini,'  san- 
d.ils,  it  lias  heen  snj)(M)sed  Ijy  some  to 
he  a  representation  of  rope  making  In 
any  event  the  process  is  nr  lonbtedlv 
ihe  same  as  that  used  in  making  riii)e. 

The  scene  is  dejiicted  with  the  true 
I'.Lryptian  faculty  for  showing  detail-, 
making   wonk   almii-t   uimecessarv    to 


i>^rN. 


ingk  mnmport  ml  thing,  ,ind  tn  ap- 
preci.ate  the  dit'ticnlty  in  getting  almig 
\\  ithoiit  it. 

\iKieiit  civili/e.l  peoples  had  llieir 
ropc>  and  cordage,  ;n;ide  imm  sucli 
malerial>  .is  were  available  in  their  re- 
spective countries.  The  I'.gyptians  are 
-aid  It)  ii.ive  made  r..po  flum  leather 
tjion-s.  ,nid  ..Mr  illu-tratinn  will  be 
found  inkioting  in  this  cnnnectinn. 
rhi-  is  from  a   -cnlplnrc  t.ikeii   fnmi  ,i 


Ki.UTIAN.-      .MAKlXi;     KOfK. 


.111  uiider-t.indin-  of  their  pictorial  rec 
ord>.  W'e  see  the  raw  matcri.al  in  the 
shi]ie  of  the  liidr.  aii,l  a|s.,  two  uell 
made  coils  ,,t  iIk-  linislied  proiliicl. 
<  'lie  of  the  workmen  is  cutting  a  .'trand 
fiiiiii  a  hide  by  revolving  it  arid  .  ntting 
as  it  turns.  \ny  one  who  has  not  tried 
it  will  be  surprised  to  see  what  a  gond. 
wen  sit-ing  ean  be  cut  from  a  piece  of 
le.itlier  in  this  wav. 

\notlier  man   i~  .irr.iiiging  .md 


Mi 


m 
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pay- 


now    KOIM;    was    I.ONd    MADI     in     MAM) 


in^    im;i    tiif    l;uiii:;-    t' ■    .1    l.iinl.    wim    1- 

I'vidcntly    w.ilkiiijj   hackwanl    in    time 
liDiiorcd  fa^liion.  twisting  as  he  goes. 

C'nmiiii;  down  to  more  recent  tinte-. 
\\c  rind  that  rcipe-inakinj;  harl  l)ecn  gn 
in!,'  on  idr  centnrios  witli  |ir(>hal>ly  ver\ 
Hit!e  i-iiangc,  up  to  tlie  time  i»f  the  in 
inidnetion  nt  machinery  and  the  e-tnl' 
hshnunt  of  the  lactorv   system. 


II  \<  KI.IM. 

In  the  early  day^  to  which  we  have 
referrcii.  all  the  \arn  tor  r'lpe-makiiif: 
was  >i  ;iii  In  hand  in  tlie  tiine-h"nure'l 
way.  We  are  ahle  to  re)ire<ent  to  nnr 
rcailcrs  hy  the  plidtoi^rapli^  -houn.  tlii- 
now  almost  lost  art  i'le  m  iteria 
shown  in  the  iiictnre-  1-  American 
hem]),  which  hecanse  tlie  earlier  ma 
chines  were  not  adajiled  to  working; 
this  softer  tilK-r.  contimud  to  1«  spun 
by  hand  long  after  maiiila  wa-  >|>iii( 
chiefly  on  machines. 

The  hemp  was  first  hacklecl.  as  i- 
also  .shown  hy  onr  photograiih.  t!ic 
hackle  or  "hcchei"  licinLf  ^imjiiy  a  h  lani 
having  Ion?,  sharp  steel  teeth  ->t  into 
it.  Thi>  comhcd  out  the  tow  or  short. 
matted  fihor,  leaving  the  clean,  -traight 


11 1-1)1  p.        1  ill-         ^IMrti.'       wl    iK  Uip   viil     ^i  '.1' 

ner  wrapped  about  his  waist,  hrin'..;ing 


the  enils  .iround  Iii«  hack  md  tnckin;^ 
iheni  into  his  belt,  thus  keeping  the 
m.aterial  in  place  without  knot  or  twi-t. 
:md  allowin^^  the  tiher-  !o  pa\  out 
I'reelv 
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1  he  wiirk'ii.in  in  onr  picture  is 
l.i'nmn  .Moorc^,  an  oMtnnc  expert 
liand-s]iinner.  who  can  w.ilk  otT  hack 

I      \\a"d   from  tin 


^1  1  M  l^  \N  li. SIMMS  Kill  in.\  -ImwiM, 
ISE  OF  .\  l..\H(iF.  ROl'E  To  SI  I'TOKT  A  SORT 
OF    HANGING    SHELF. 


AN   OLD   FASHIONED   ROPE   WALK 


|>'|'|'.  S'liiiinii;  uiih  ckli  h.ni  I  ^i  t'lrr  id 
'-    Inic   ami   cm  ii   a-   ,-an   lie   a-ki-  '    fm 
III    llir    i.Ii..|(,-rai,!i.    i„    ,,.,|,t    t^.    -li,,u 
"      l'i'">i^~     iiiiiiT     ,-Iraii\.    (inr     lar^c 
V  aril  i-  luin^  ^]mii, 

1 '!<■  lar,i,'r  \\';i-cl,  ii>na!l\   miiu.l  ]t\  a 

i'liy.    is    ii-t'(l    til    C"ii\i'\    i-uwcr    t(i    tin- 

'whirls. "     or    Ninail     -pimri-,    lairviiiL; 

i"iik~  niicn  wliii-h  tlu-  fibi-r  is  fa-itciuil. 

I  Ium-   wliirlv   n-vnlviiiL:.  i;ivf  tlk'  \\\\-\ 

I"  tilt-  yarn  as  tin-  siiiniu'r  dcftlv  pay- 

"lit  tlic  tihiT,  ri-iilatiii.i,r  it   wir'i  ^killmi 

liiii,'(.T-   h>  prt'MTvc   tlu'   iinif..r'nilv    and 

■ii'l'ir    -i/f    .,!"    tin-    \aiii        \-    111-   ;,'()(■- 

irkuar.l  .liiwii  the  Ion-    aa!k   llitoiii;li 

ilu-   'ViiiMrcs  n\    -iinli.;lit   mii   ilir  ilixir" 

<     tlir>i\\-    t'u'    trailiii.tr  \arii-    hmt  tlii- 

~t  iki'-"    pku-fil    at    interval-    alontr   tbr 

'\  alk    fur  ilu-  piirpii-f 

lilt-  spiiiniiii;  "^rdimd-."  u  e  r  i- 
'i-iia'!\  arraiiLiiil  vvitii  wliccls  at  oitlier 
(I'd,  -I.  that  -piiiiur<  rcarliiiu;  t!u 
'  I'  'lur  (  iid,  >i.n!(I  i^n  hack  to  llicir  >tarl- 
"il;  puini  --pimiinjj  aiiotlicr  set  nl' yaviiv 
I  iicii  111  the  ca-c  of  -•nail  nipc~.  t!ic 
-irands  cutild  he  made  li\  attachiiii;  two 
••V  more  \  irns  t..  t!ie  "whirl"  and  twi>t 
nil,'  them  to^etlKT.  re\er-in-  the  niiitinn 
I"  ui\e  the  >;traiid>  a  Iwi-t  .■ppo-ile  t  - 
that  1,'iven  the  \arn-,  I'hcM-  strand- 
«ere  lui-I^■d  toL;ether.  as^aiii  rever-iii- 
t  ic  niiitiiiii  iiiakiiej;  a  rf>!>e.  Thn-;  !• 
will  he  sd'ii  that,  reduced  to  its  lowest 
terms.  r'i|)c-inakinj;-  consists  sittiplv  of 
a  serie-  of  Iwistiiig^  processes.  The 
twi-,tiiij,r  of   the   yarns    into   the    strand 


;s  kiinun  .is  ••forming;"  or  putting:  in  the 
yt'oretnni."  The  tinal  process  j,  -hu 
inj:.  "closjiii;"  i,r  piittin-  in  t'li 
•■after  ttirn,"  I  |.  ^r-e  pnu  <t  was  iisul 
in  old  times  f.ir  fMrniniL;  and  lavin- 
rope  which  w.as  i,„,  ],„■„,.  ,,,  i„.  ,„.,,]~ 
hv  hand. 

i  l"\\    all   tiiis   \\(,rk  is   iio\\    dune   in   .1 
iHHieni  rope  I'aetnrv   l,v  inueniMnsK   de 
\:se,]   iiiachiiieiy   i\e  r-ii  ,'l   now    -ce. 

The  openiii--  room  where  the  tiher  i- 
niade  ready  for  the  prei Kir.it i..n  m.a- 
>-hiner\  is  ,1  reminder  of  the  davs  when 
I'l  rope-makin^r  processes  were  han.l 
\\-'vk.  I'he  hale- .are  first  opened  u[). 
in  the  case  of  .M.inil;i  this  nu- aiis  cnttinjj 
the  straw  niattini:  |„ii  ,,,,  t„  |,n,ii.ct  liie 
tihiT  in  shipnuMit.  ■|'lien  the  h.ink- 
uhich  .ire  p.acked  in  various  \v.i\s 
sometimes  dmihlcd.  -onietim,--  iwi-tcd 
—  are  taken  out  .and  stra'-liteiied  and 
the  h.md  it  the  vn.\  uf  the  h.ink  re- 
moved. 

.\n  m.achinerv  has  \  et  I.een  perfected 
liT  doiiii,'  the  work  jiisi  dcscrihed  hut 
the  first  of  the  prepar.-flion  pn^-es^cs.  a 
short  step  he\oiid.  tells  i|nite  a  dif- 
f^erent  stors ,  Mere  the  hanks  ,,i  ,ncli 
tihers  as  rec|nire  a  special  cleaniii- 
treatment    are  placed   on    f.i-t   working 

h.ickliiii^    machine,*    which    conih    ,iwar 
....... t     .*  *i,  „  .1     1  _ 

"'    '   ".''■"   "''••'■•■'■   :•»"<-<■    I.nv    .iini    (jiri. 

At  this  [KinU  hard  tilyers— .Manila, 
.^isal  and  \ew  /eal,ind-are  usnallv 
oiled  to  soften  them  and  to  make  them 
more  workable    for  the  operations  t!i,.|t 


.It) 


HI  (il    11  \ll>()l    k  \\\    kol'l     WMIklM. 


iiiiiuu.  i  iic  nil,  fiinhcniKiri',  .ids  ,i- 
.1  ])rcsiTvativi'.  It  i>  a  inallcr  oi  im- 
]i(>rtaiu'i'  III  tlic  l)iiyi't".  linwi'vcr.  tliat  tlic 
lilur  -licinid  not  i>c  tiM>  lii-avily  dilfd, 
fur  tli.it  iiRTi'ly  iiuTi-a^f.-.  the  wiii^lit 
aiKl  i-o-t  ut  till'  ro|)i'  williuiil  iinpniviiijj 
its  i|ualit_v. 

'i'hc  wonder  of  inoik'riii-in  in  ro|ic- 
making  is  nowhere  more  striking;  than 
in  the  |ireparation  room.  I  o  ^lass 
from  one  etui,  where  the  raw  iieui])  is 
received  jnst  as  it  left  the  Iiaiids  of  the 
native  l''ili]'ino  laborer  with  his  rrnde 
methods,  down  tlirongh  the  long  rows 
of  niaehineN  to  the  draw  frames  from 
which  the  sliver  i-  delivered  in  a  form 
that  can  he  likened  to  a  -tream  of 
molten  metal,  i-  to  cover  decides  of  in 
\eniive  renins  :in(l  mechanical  develo|i 
mellt. 

The  nieelianism  performs  it-  work  so 
.iccnrately  th;it  at  first  ;;I;ince  the  ni.ii 


feedm^^  the  liljer  into  the  maclimt-  .ihm 
.ill  the  other  men.  hiisy  alxmt  their  va 
rioin  duties,  would  appear  to  lie-  pla\ 
iiif;  very  minor  pirts  in  modern   rojie 
makinij.     In  re.ditx.  exiiert   workman 
ship  and  watchfulness  .ire  very  import 
ant    f.ictors.       ( iood   n>))e   deiiencU   no 
more  upon  scientific  machine  jirocesse- 
than    tipon    cea-eless   .-ittention    to    tie 
little  details,  and  this  is  especially  true 
in  the  pre]i:iration  roi>ni. 

I'.efore  takiii;^  up  the  distinetl\  nioil- 
ern  maehiiTes  so  larjjely  ii^ed  now  in  the 
final  pHK-esses  of  ri>pe  inakini; — ''u 
forminy;  of  >trands,  layiiu'  of  commiiii 
ropes  .md  clo^ini.'  of  cable-laid  goifls 
we  will  docriln'  the  rope-walk  wlurr 
much  of  tin-  work  i>  still  liest  carrul 
on. 

|-"or  makinti  tarred  };ihmIs  ii  .ill  Imi 
the  smiller  >i/es  the  walk  ha-  certain 
.■idvantatre-     not     afforded     li\      luvsci 


A    MOnr.RN    ROPF:   UALK 


.us 


IH>\\    kOIM.    IS    rORMHD   A\[)   TWISTi:!) 


z*^ 


M    \  K    \  1 1    ^^ 


M  M  il|M      l\    Kill'! 


mctliixU.  It  .il>i»  jiii)Viili>  ittiviciii 
ec|iiiiinu'iit  I'ur  tiiriiiiiK  nut  the  lar^jf-t 
rojii's.  wliirh  \\oiil<l  otlicrwisc  rf(|iiirf 
-prf'al  iiMiIiiucT) . 

rill-  lipiii;  alloys  or  jL,'rrnin.ls  wlicri-  the 
work  takes  place  are  itsually  l.iid  oiii 
in  |Kiir-.  one  for  lonnitijj.  tlie  otlier  t'. 'r 
laying  and  elosiiiL;.  l-'aeli  Kromid  Iia^ 
a  track  to  accoiiMiiu(kite  the  niai'liiiK-> 
used  and  au  inclle»>  hatul-rope  which 
conv\s  the  power. 

At  the  head  of  the  fonuiiiL;  ur.mivl 
-'.and  frames  holdinL,'  the  Imhhin-  mI' 
_\aru.  The  yarn-  f'T  eacli  -tratil  tir-t 
pass  throu}jh  a  |)l.iic  pirfi'vau.!  in  en 
centric  circles.  T  ii  i  >  .iir.iM^rniei\t 
gives  each  yarn  the  correct  anj^ie  t)f  de- 
livery into  a  ttll)e  wiiere  t'le  ulviK-  ma-- 
gets  a  cert.iin  amount  of  conipre--inn 

\-  the  top  truck  i-  furi-id  ;ilu  .id  1)\ 
i;r-  !\\i-lin^  pr(K-e-s.  the  rcpe'ii.iker  li\ 
nu-;in-  nf  'Tcaler  ^r  1e-<  !e\(T:i''e  on  the 


"t.iil-"-  the  liM/se  rt>pc»  .shown  \n  our 
picture — |)rcserves  a  correct  lay  in  the 
rope.  The  stakes  on  which  the  str.inds 
rest  are  removed  one  l>v  one  to  ;dIow 
the  t(>|)  truck  to  pass,  and  then  replaccil 
to  supjiort  the  rope  initil  the  layitiij  i- 
tini^lu-d  .and  the  reeling  in  of  tlu-  ropi 
hejjnu, 

rile  closiui;  process  on  cahle-laid 
L^oods  i-  like  the  layiiij.;  e.xcept  that  the 
twist  is  reversed.  The  work  now  hii'  ^ 
with  tliree  conipK-te  ropes — frec|Uentl\ 
\er\  l,ar_i  a  heavier  to|)  truck  is  nee 
(•--i:\.  .and  this  must  often  he  hal- 
l.a-iid.  a-  -hnwn  in  our  illustration,  t'i 
kee|.  d'l'.Mi  the  vihration  which  uould 
otherui-i'  tend  t..  lift  the  truck  off  the 
track. 

.MiiiKrn     ropv-ni.iknii;    i  n  l;  e  n  u  i  t  \ 
rc.iche-  il-  hii,di-water  mark  in  the  com 
pound    la\  ini,'-machine    « here    the    two 
opiration-  of  forming  t'u-   -finds  ,an  ! 


.M..\K    \lhW    ol     M.\'.HIM.    IN     KcJla.     U  \LK. 


ikri'\kiN(i  THi.  MiJiR  rs  koi-i;  MxMSd 


a.-.',t 


I'RF-PARATlnV     R(X1M. 

Hrrc-  tlu-  nlur  is  tar.iull>   d.an,,!  nn,!  c  .n.!.,-.!  I,v  a  sctk's  of  fine  tootli  i 

wliith  it   pa-ses. 


u 


11       .lUTy  tlirougn 


cOl  Ml.ISS    SLP  RRS    STR[;AM    I  ROVA    THl     ROIM     MACHINF. 


The  hanks  nf 
I'lliir  arc  t'cil  In 

IMIIll       tllln      tills 

iiKn'liiiic  several 
al  a  tune,  where 
it  is  yraspcil  hy 
steel  pins  litteil 
!■■  a  shnvl)  re- 
el iKiiic  eiulles- 
el'.iiii.  \  sei-niid 
-'I  t<\  |M  n  s 
lien  iii^;  111  CI  r  •■ 
rapiijly  chju- 
"•it  the  iii.li- 
\  i'liial  f  i  li  e  r  s 
anil  e< mills  them 
iiit'i  a  emitimi- 
iius  I'liriii. 


feeil    I 


le    ..pel,,.- 

lUelher  iiit 
«i  1    iiil.i   a 


I-    rtliuii     l.'ii.'W     ,.le    wl>     ~liMi...l.         \    lilllii.er    ..I     'fpillKs"    are    .dl.iwe'l    t.i 

'  a   I'lrst   slo«ly  reMilviiiK   set   nl    pins  anil   are   .Irawn   i.iit   ayain   I.y   a   liii;li 
sin.iller    sli\.r.   llie   i.ins   1..  e.  .iiiiii..'    I  iier   ..ii    each    siieeeeiliiH!   niaeliiiie    initil 

the  draw  frame  is  reacheil. 
Here  the  lilier  is  pnlleil 
I'r. .m  a  sin^ile  set  of  pins 
I.eiuieii  twii  rapiilly  imu- 
iiiK  leather  helts  ealleil 
.ipriiiis.  On  all  of  these 
iiiaeliines  the  liher  iiasses 
hetweon  ijllers  as  it  K<)is 
..jito  all''  leaves  the  pins 
I'ul  the  slivir  is  Ki\en  its 
limlrieal  f..rm  hy  heiiiK 
■  Ir.iV  n  thrniiRh  a  ctreular 
..iieniiiv;. 

\     lliiished     sluer     iim-; 
..nl.irni   l.i   the   speeial    sj/e 
.lesireil    f.ir    spimiiim. 


I  ii"'Ii  IiRi  vKi  I; 


DRAW    FRVMF. 


A  ROPE  MACHINE  THAT  !S  ALMOST   HUMAN 


I 


lavin-  them  into  a  ro|r  an-  comliiurl, 
L  p  to  ,-i  certain  |i(iini  llii-  nicilmii  j, 
more  econnniical  ilian  that  in  which  the 
foniiinp  and  layinp  are  iiiu-.MiiUTtcd, 
KwtT  machines  arc  reiiu'.red  for  a 
"iven    fHltput— lionce.    le<-;    fi,»,r    sp,,,r 

'111   fewer  worknun.     The  Umc-bavini; 

■  eineiit    also   enters    in. 


I  lie  eonipound  lavincf  mnchine  miKt 
liowe'-er,  W-  stopped  each  time  that  the 
Mipi)Iy  of  yarn  on  anv  lxihl)iti  i.  .o  low 
•  IS  to  call  for  a  fresh  one.  This  wniild 
'"■(-iir  so  fref]iiently  in  the  case  of  the 
l.ir-er  ropes  as  to  offset  the  advaiitacres 
Jiist  nientione<l,  hence  the  inacliiiie"  is 
used  on  a  limited  ranRe  of  sizes  only. 


AN    AM.RAOl.    COIL   OF   ROPE     1200   FHl.T 


As  can  lie  sciii  in  tlie  pR-lure,  tin- 
iii.uhiik-  i-diit.iiii-  a  viTlu-al  -ii.ilt  wn'i 
uiiiHT  .111.1  i.iu  ■!■  projtvUn.i;  anii--  wliuli 
sr.iq.iin  the  l)iil)lim-llyfrs"i'inn-  in 
nnnilm  in  llii>  liarti.-uiar  la^c.  \hv 
Iju'.litn-  within  c:wh  t1viT  turn  mi  -I'pa- 
rti.  ~|iiniK-.  .illnwini:  the  yarn'-  tu  i>a>s 
up  ihr.iUKli  ^I'lall  t,'uiile  i>lalc-  ami 
thtiici'  iiiU)  a  liiln-. 

l-".ach  liver  is  t^carcil  to  ii'\"Kc  tin  ii- 
.iwn  axis,  thus  twi-tinu  it-  mI  "I  \.iin~ 
int..  ,-1  compact  straiul.  At  thi-  -,i;iu 
niiK-  all  tho  tlyiTs  revolve  with  the  iii.nn 
-halt  ill  an  opposite  direction  ami  form 
a  rope  out  of  the  -itrand-  a-  the  latter 
come  toL;etiier  in  a  central  tube  -till 
his/her  lip. 

The  rope  is  drawn  throui;h  this  tiilK- 
h\  a  -cries  of  pulleys  which  exert  a 
steady  pull  and  <o  keep  the  pro]>er  twi-t 
in  the  rope  l'"roni  these  intlleys  the 
lini-hed  i>roiliict  is  deliverc<l  out.'  a 
-cparately-ilriven  coilinii  reel,  an  atito- 
niitic  device  rej;isteriii}r  meanwhile  .m 
a  dial  the  nnniher  of  fathoms  run. 

The  -mall  reel,  -een  near  the  lua.l 
i.f  the  main  -haft,  holds  the  sni.ill  lieart 
r,.pe  which  is  fed  into  the  center  of 
certain  four-strand  ro(K's  to  act  a>  a 
hcil  f.T  the  -trands. 


i'nre  Manih  K.pe  w  the  very  l)e.-t 
.111(1  the  i:;i.-t  -ili-i'.ut'i  v  f.  .r  all  arouiul 
;:.e.  riir  cli.inuter  ..f  ,^.;.i.l  M.mil.i 
li!.er  i-  -ucli  .i-  to  mip.irt  t..  .i  pn.i.ei  \ 
•nade  rnpe  -iicli  i;ece--ar\  lacti.r^  a~ 
-treiis^th,   pliahilitv,   and    wearing   ipial 

itiC-. 

Kei;iil.ir  .i->trand  M.iml.i  rope  i-  uni 
ver-allv  used   for  all  i;eiieral  pnrpo-es 

l-".>r  certain  -peci.il  use-.  h..wcver, 
ami  p.irticiilarl>  w'ure  llic  r.  .pi'  i-  In  lie 
ii-ed  I'l.r  :.iiv  kind  ..f  -iieave  \\.)il  .  i 
4--ti,iiiil  t\pe  of  ci.n-truction  will  iu 
fmmd  tile  most  >uital>le.  as  siich  .i  rope 
pre-eiii-  a  much  firmer.  r..mider.  an. I 
greater  wearing  -iirf.ace  than  the  .r 
.linar\  .V-trand.  I'here  are  m.iii\  .lit 
ferent  types  of  4-strand  rope. 

The  I'licture  -liown  on  thi-  jiage  rep 
re-eiit-  a  c.il  ■  f  4->tr.uul  Manila  called 
•■p.e-t  l-'all  "  This  rope  is  made  of 
carefiiliv  >elected  tiber  :  i-  4-trand  with 
he.irt.  and  i-  har.lcr  twisted  than  or- 
diiiarv  '.,'1.0(1-.  I'e-t  I-'aM  is  .i.l.ipted  fur 
iieaw  hni-tiiiL;  work,  a^  on  coal  and 
-rain  elev.itcr-.  oari;o  an-l  <inarry  heists 
and   fi.r  pile-driver  hammer  line- 

The  standard  lenfjth  coil  ni  rope  1- 
i.j(K(  feel.  allhoui;li  e.xtra  luiii;  leiijth- 
:ire  e\er\  day  made  for  stich  puri.ose- 
as  oil-well  drilling;,  the  tr:iii-mi--iiin  n! 
power,  etc..  .. ic. 


SECTION  CKIlSS  SKCTIOS  ^.Sn  dill.  H>IR  AND 
THBVF-FnrRTHS  INCHES  riRCL-.\UH<E.SCE.  SEC- 
ridN  ANU  CROSS  SECTION  ONE-HALb  ACTUAL 
SIZE. 


I)H TLRF.NT    KINDS   OP    KNOTS 


•At; 


i 


-ft  I 


S^,,   11 


'*  ■^A 


•H^  M  i 


-'CS-     tltf-    -ra-  ■'€^;i££ai:.aOC 


•4^- 


I  ,2SS2^M, 


Friiiii    Kiiii;lit'-    AiiHTicati    Mechanical 
Dictionary. 

1.  Siiii|i|c   n\cr   lian.l   knot. 

J.  .'-^lip-kn^'t.  scizfil. 

,1.   Sinulf  liow-kiiot. 

4-   ,'^iiiKirc   ..r   reel    knot. 

;.  SijM.'n    or  1..  .H-knot. 

'■   \\(;oir'i  kni-t 

~    'iirinan  or  rmiin-     :-K  knot. 

>:.  Tuo  li.ili-l.ilclic  .  or  artiticrr'>   kiot. 

').  l")uul)U-   artili'cr's   knot. 
in.   Siniplt-   galley-knot 
1  I    I   -ipstan    or    proloiikre    knot. 


!-■      How  hlic-kllol, 

i.i  lv'oIlin(,'-liitch. 

14  '  l''U--hitcli. 

15  I'.lai-kwall-liitcli. 
Id.  TimlnT-hitcli. 

IT-  Howlinc   on    a    hiRlit. 

ix.  l\'iMiiiini,'-liMwliMc. 

ro.  t  at^paH■. 

JO.  1).  aililf  rininii:n-knot. 

-M.  Doutilr-knot. 

-■-■       ^IM-M-kli.it 

2.1.   Boat -knot. 
-M.   Lark's    licad. 
-'5.  Lark's    licad. 
y>.  Simpli-  lioat-knot. 

_•-      l.o.ip-kllof. 

-S.  I)oiiiilc  lUmish  knot. 

-•<)  Knnnini;  knot.  rlu-ikH. 

so  ' 'ronri!   rnntiim;-knot. 

u  I.aslii'R-knot 

U'.  Kosctti" 

!.V  riiain-knot. 

,U  D. 'ul.lc  fli.iiii-kni't 

.i5.  I')i>nl.!c   rnnnim;-kti..t    witli    clicck-knot. 

.ill  I)onhl(    twist-kn^t 

>T.  Ruilili  -'s  knot 

iS.  D.iul.l,     I  Uini-li    knot. 

,M.  I'.nKli-h   knot. 

40.  .^^Iiortcnini;   knot. 

41,  Short,  iiini;    knot. 
4.'.  Sliccp-shank. 

43  I'oK-sliank. 

44.  Mooring-knot. 

45.  MoorinR-knot. 
4'>  Mo'iring-kliot. 

47    F'ii;-tail.  workid  on  the  cnrl  of   a  rope. 
4f<.  .Shroud-kiioi. 
4'*.  Sailor's  lund. 
.W.  .\   granny's   knot. 
=  1     \   weaver'-  kn^f 


HOW    TO    SPI  Id     A    ROIT 


I'or  irnii>niissir)n   rnpe. 

Tho  ^lU■ct■^sIvt■  operatitms  lor  splicing  a 
i'4-incli  rnjie  by  this  method  are  as  follows: 
Til-  .1  piece  of  twine  (g  and  lo.  ti(,'ure 
'  in  mini  tile  rope  to  he  spliced,  ahout  six 
feel  from  each  end.  Then  unlay  the  strands 
of  each  end  hack  to  the  twine. 

J.  I'.mt  the  ropes  loRether,  and  twist  e;.ch 
cnrrespi.ndiiiK  pair  of  strands  loosely,  to 
keep  thini  from  hring  tannlcd.  as  shown 
(ri  I    figure  ''. 

x    Tlu   twine   lo  's  nuvv  oiil.  and  tlie  strand 


X  'inlaid,  and  straiul  7  carefully  laid  in  il^ 
.d.ice  for  a  distance  of  four  and  a  half  feet 
ffiii   the   junction. 

4.  The  strand  '1  is  ne>.t  unlaid  ahout  one 
and  a  half  feet,  and  slranil  5  laiil  in    ts  place. 

5.  The  ends  .if  the  cores  are  now  ,  at  ofT 
■  CI   tlie>    iii-t   llieel. 

(..  I'nlay  strainl  I  l"nr  and  a  half  feet, 
layini!  strand  J  in  its  pl.ice. 

-.  I'nlav  strand  .?  one  and  a  half  feet. 
layiiiK  in   -.trand  4. 

8.  Cut  all  the  strands  ..iT  t.i  a  len^h  oi 
ahoiit  twenty  inches,  for  coiueiiieiice  in 
manipulation.  The  rope  now  assumes  the 
Inrin  shown  in  '•.  with  tli.  neetinn-points 
..1  the  strands  three  feet  apart. 

1-ach  i>air  of  strands  is  now  siiccessiv  ly 
siihiccted   I"   the    loll.iwin«   operations 

0.  Krom  the  point  of  incetinR  of  tlv 
straiiils  X  ai<l  7.  unlay  each  one  three  turns ; 
split  hoih  tl  strands  H  and  ."  in  halves,  as 
f.ir  hack  as  they  are  now  unlaid,  an.l  "whip" 
the  end  of  each  h.alf  strand  with  a  small 
liece  of  twine. 

10.  The  half  of  the  strand  7  is  now  I'irl 
in  three  turns,  and  tin  h.df  of  8  also  '..i-l 
in  three  turns. 

The  half  stramN  ii..\s  in.it  ,ind  .ire  tied 
in  a  simple  knot.  11  (c)  making  the  rope 
at    this   point   its   original   size. 

11.  The  rop'"  is  now  opened  with  a  mar- 
liii-spike.  .nid  the  half  strand  of  7  worked 
around  the  half  strand  of  8  by  passing  the 
end  01  the  half  strand  through  the  rope, 
as  sliinui.  drawn  t.nit.  and  again  worked 
around  this  half  strand  until  it  reaches  the 
half  stranil  i.t  that  was  not  laid  in.  Thi*  half 
strand  l,<  is  now  split.  :  nd  the  half  strand 
7  drawn  through  the  opening  thus  made,  and 
then  tucked  under  the  two  adjacent  strands 
as   shown  in   (/. 

1.'.  The  nther  half  of  the  strand  8  is  now- 
wound  around  the  other  half  strand  7  in 
the  same  way.  .-\fter  <'ach  pair  of  strands 
has  been  treated  in  this  manner,  the  ends 
arc  cut  off  at  I  J.  leaving  them  about  four 
inches  long,  .\fler  a  few  days'  wear  they 
will  all  draw  into  the  body  of  the  rope  or 
wear  off.  so  that  the  locality  of  the  siilice 
can   scarcely   he  detected. 


win     \M     (iO     lO    SI. IIP 


Why  Do  We  Go  to  Sl.cp' 


lir^t,  (it  i(mr~i-.  \m-  slit|i  ;i)  rv-i 
niir  Iiixly  .111(1  lir.iiii.  I  )iiriii;;  our  w.ik- 
iiij;  Imnr-i  iii.iiiy.  if  nut  all.  jpari^  of 
ir.!r  lM)ilii-i  ar<'  ai'livo  all  tlif  tinic,  and 
with  rviTv  iiHivinittit  \\i'  cxliailsl  nr 
si.iii.i  v,iiiii-  rit  niir  -trnititli.  Taki-  llii' 
i-;si-  lit  \  iiir  arm.  lur  iii-taiKi'.  N'un 
nay  lu-  alilf  in  iiinvi'  it  n]i  and  dnwii 
lil'ty  tir  a  litindrcd  nr  nmn.-  tiinr-  willi- 
niit  jiittini;  tir»'d.  aicnrdinji;  tn  Imw 
striin!,'  ynn  Ti-.  lint  mmmut  nr  later 
ynil  will  tint  lie  alilc  tn  nin\i-  it  .•,  V 
tnorc — It  i-  tiri'd  tiic  iil't-  lia-  all  ;;iine 
nut  <if  it  and  it  lucils  rest,  in  nrdiT 
tl'.at  it  may  iHrnnii'  -.tmiii;  a},'ain. 
I' very  tinu'  ynu  mn\r  \niir  arm  ymi 
distrny  irrt.ain  jiart--  nt  it<  ti<<iii's, 
uliich  can  only  lie  reiilaeicl  diirini; 
rist.  l-verv  ai-livit\  <il  \nur  Imdy  lia . 
the  »^ame  exju'rienee.  ami  the  cnn^tant 
work  (if  ijie  liraiii  in  (lire>-tin,t;  the 
\ari(iu^  mnvemeiils  and  activities  of 
th.e  Iin(ly  tires  it  out  too.  As  soon  as 
this  coiidition  oecnrs,  liie  hrain  tells 
the  other  ]arts  nf  the  lind\  that  it  is 
time  to  rest,  and  even  if  we  try  tn 
keep  awake  and  j;o  on  with  our  work 
nr  plav,  or  whatever  it  is  we  are  dn- 
int;.  we  tind  snniur  or  later  that  it  is 
iiniiossililc.  If  uc  |nTsi^l  uc  fall 
asleep  wliere\er  we  hajipell  tn  lie.  It 
is  not  neeessary  for  all  jjarts  of  the 
hody  to  he  tired  hefore  we  sleep.  '  'lu' 
jiart  alone  mav  he  so  atfeeted  liy  what 
it  has  lieen  doiiitj  that  it  alone  causes 
i;s  to  fall  asleep.  .Sometimes  the  eyes 
lieeonie  so  tired.  whiU'  we  .ire  lonkin;,' 
at  the  ])ieture>  in  a  honk  or  reading;, 
for  inst,iin-e.  that  we  fall  oti'  tn  sleep 
i|iiiekly.  It  is  perhaps  easier  to  lirinij 
on  sleep  by  m.'ikini;  the  e\  s  tireij  than 
ill  any  other  way.  Tha;  is  why  so 
nuiny  people  read  themselvi  .  to  sleep. 
It  is  stu'li  ;i  .tjnidual  p.issinij  into  nii- 
I'nnseinnsiiess  that  you  can  h.irdly  ■  m  i 
tell  where  you  'eft  off  readiiit;.  li  i- 
sriid  that  when  we  are  awake  mn- 
Iwxlies  are  continually  jilannins;  for  tlu 
time  when  wo  shall  need  slee])  and 
:\rc  cntitinuallv  mnkitit;  snnie  little 
C(nn  wliuli  is  carried  to  tin-  hrain  .i-; 
snnn  as  made,  and  when  llirre  are  a 
snfiicient   nnnihei    nf   ilusf  liuli^   ^(■rnio 


pd(  d  up  in  the  hr.iin.  ue  L;n  in  ,lr(p, 
riu  pr(Ki  -s  of  sleepiuj;  then  destrov 
these  i;e'nis,  .•m(|  when  they  ,ire  i|e- 
stroyed   We  .aiLi.iin   w.'ike  up. 

V.'hy  Do  Wv  W;.kf  Up  in  the  Moniiiii,'' 

In  .answer  lliis  wc  must  j;o  h.ack  to 
tile  ;iiiswer  to  the  (|nestinn,  ■■\\'h;it 
in.ikes  us  |L,'(;  to  sleep  ?"  \\  e  i,'o  to  slee]i 
ill  onler  to  secure  the  n  st  which  nnr 
licily  .and  hniin  nee(l  to  linild  n]i  ilic 
1  .'rts  which  h.ive  heeii  ilestroyed  dnr 
in.i;  our  .active  wurk  nr  jiiav. 

We  w.aki'  uji  natunilly  w  lien  we  have 
h;id  sutticient  rest.  We  w.ike  up  nat- 
ur.dly.  linwcver.  only  when  the  dc- 
■trnyed  parts  nf  the  Imdy  have  Ir.'en 
replaced.  '  >tlier  thinijs  may  w.iken  us 
-a  nnise  nf  any  kind.  Iniid  nr  sli<rht.  a 
startliti!.'  dream  or  a  ninvinj;  thin;,'  that 
disturlis  our  sleep — accordin,;;  to  hnw 
fully  we  ,ire  .asleep.  It  is  sa'(l  that 
snmetinu's  only  |i.irt  of  the  hodv  arc 
asleep ;  tli.it  we  are  not  alwavs  all 
.•i'lee]>  when  we  appe.ir  to  sleep,  atnl 
that  we  dre.ini  hee.ause  some  part  nf  thr 
lindy  is  awake  or  active.  This  is  pmli- 
.il  ty  true.  .\'nw  llien.  when  all  of  .my- 
nne  of  Us  is  ,slee]iy.  we  R'.  into  what  is 
called  .a  deej)  slee])  and  ;it  such  times 
nnlx-  sniiuthinir  out  of  the  nrdin.ary 
\' niild  awaken  tis  (  iradnally.  linw- 
ever,  various  ]iarls  ni'  the  Imdy  hecniiie 
rested  aiKl  they  are  sai<l  to  wake  up, 
?\'<\  tinally  '.hen  .all  of  n^  i-,  n-te.l,  we 
nriturally  wakt  up  all  n\ir.  if  \nn 
.ire  healthy  and  sleeii  naturalls.  in  i 
plaie  where  ynu  c.innot  he  disturhid  li\ 
noises  or  movements  nf  nllurs.  \,.u 
slinllld  he  "wide  .au.ike"  when  \nur 
eves  iiprii  .iii.l  he  nad\  tn  ;;et  ii]'  ,it 
nnce.  If  ymi  fii  1  like  liiinini;  nver  for 
.iri'ilur  ^iiniize.  when  it  is  time  to  ).;et 
up.  \iiu  did  lint  s^ci  in  hid  as  -.arlv  as 
you  shoiiM  lia\c  dmie,  nr  (l-.e  ^nim  van 
<  f  Mill  did  lint  i^ul  ihi  re.|nired  anin\inl 
'  if  sleep  it   -liuiiM  li:i\  (■  h.ad. 

Where   Are   We   When   Asleep ' 

We  .ire  'm  i  wlure  we  lie.  It  -i ciils 
I  1  lis.  nf  .-niir^i  .  luciii^e  nf  nnr  ilreaiils 
when  we  ;ire  ,is|eep  ,'i.il  we  are  awav 
nit    -.nine    pl.iee    el-.e  'Men     ,\!un    we 

V  ;,ke    u,'    we    wniider    fir    .i    minute   or 


WHAI     MAKEiS    IS    [)RI.AM 


Hm>  wIkti-  wi-  an-,  a--  ivi-rvtliiiii;  --ii'in* 
-II  >tratim'  111  iiN.  aiiil  it  tako^  a  miiniti- 
cir  s(i  tor  «s  III  iinu-iiilKr  tliat  \\i'  an- 
il' iiiir  iiwti  lii'il.  if  tliat  i»  wlicri-  \vf 
vMiit  Id  »K'i-|).  I  lii>  iv  liirausc  of  tin- 
ilri-atii~  uf  liavi'  wlulo  a>lffii.  In  )>asi 
l'iiU'>  the  iiiH'ivili/iil  savaj,'i'N  in  va 
ripu-  iiarl'-  nl  tin'  tartli  Inlic^oil  tli.it 
whi'ii  an\  lit  llniii  wi-iit  tu  -U'c]i  that 
till-  rval  I'lTsuii  M>  asli'i'ii  aitiialK  wi-iit 
away,  li-aviiiij  the  lii"l>  livhiiiil  :  in  nllur 
uimls.  tliat  tile  siiul  Willi  travilini; 
Tluy  llimii^lll  llii>  luiaii-i-  it  \\a>  tin- 
iii'l)  i\|ilaiiatiiin  they  timlil  iliink  uf 
ti'f  tiif  ilnanis  ilu\  hail,  -iiuf  aliim-t 
iiivarialily  tlu'  ilrratn  w;i>  aliinii  -unu' 
"ilur  I'lai'i' 

Whv  Do.  It  Spem  When  We  Have 
Siqit  All  Ni^lit  Tiiiu  We  H«ve  Been 
Asleep  Only  h  Minute  ' 

I  lii>  i>  lii'iaii-i  ah  (lur  iik-a>  "l  jia— 
•■•is;t.  Ill  tinu-  :irr  h.i-iil  uii  imr  c'ln- 
-limw  |icriiiii>.  \\  liiii  we  au-  .i>U-f|' 
\>  (  .'.re  iiiu-iMisiiou-  li  i- tlu' ••anif  .a-- if 
liiiK'  iliil  mil  ]i;i>s,  ;iiiil  wlioii  wr  wake 
i;|>  till'  tiiiiitiu-y  i-.  In  ^tart  in  wluri' 
uc  left  lilt'.  \\  I-  have  K'anu-i|  ii\  t\- 
l^crifiu'i.-  lh,:t  wlu-n  \vi-  ;;ii  In  -liTp  at 
r'i;lii  anil  wake  uji  in  tlu-  innriiiiii;  that 
imu'h  tinu-  ha-  |ia-->i-il  ami  ihi-  nii.-nn 
-ciini-  kmiwUil.ut'  ki-i'|is  n-  irum  think 
int;  al\\a\-  that  «<■  iiavi-  lucn  a-K-c] 
hut  a  niinntc  i'ait  it  mhi  ilrn).  a-lcc;' 
IP  iIk-  ila\  Iniic.  nn  nialliT  hnu  Imi;; 
Mill  -Uiji,  Mill  uakf  ni>  ihiiikint;  lli.at 
Mill  have  liiiti  ;i-k'i|i  niiU  a  niimito. 
aiiil  -imu'tiiiics  it  i-  ili'Vu-iilt  in  I'nii 
\iiicc  vnur-i'll  thai  vmi  ha\c  lucii 
.i-lt'cp  ;il  all.  SdUHlinu'-  after  hciin,' 
a-lecp  fnr  liuur-.  \imr  lir-t  uakmi: 
thoiiylit  i-  a  ^■onliIUlalinn  of  what  vmir 
niiml  was  mi  when  vmt  wtiit  In  slrcp 
rile  rcasnn  fnr  thi-.  .i>  -t.iUil  .ilmve.  i-^ 
lh.it  we  i.;iniiot  keep  lr.uk  nf  ]i.i---iii;: 
lime  wluil  we  .are  .i-leep.  '  ee;.  -e  we 
are   |pirfeetl\    limim-einil-. 

Why  Should  Wi-  Not  Sleep  With  th- 
Moon  Sluniny;  On  Us  ? 

There  i-  im  h:irni  i;i  Irttinp  tho  mnoti 
■■hine  on  ns  while  we  are  a-^leep  'riii< 
i<  one  of  tlie  ipieer  sniierstilinn-  th.at 
ha?    ilevelnpeil    in    llie    wnrM         \    i;reat 


ni,in\  people  think  til. it  -ninethinj;  ter- 
r'l 'e  will  h.ippen  if  the  mnon  is  al- 
ii .Aveil  In  >liine  into  the  mniii  where 
tiicv  art"  a-leeii.  Nut  Ml  main  helieve 
this  as  iiseil  In  iln  Ml,  thank-  tn  the 
more  enhi;liieneil  ennililinii  nf  llnni,'- 
III   the  wnrhl. 

in  prnve  In  \nitr-elf  tli.it  no  harm 
e.in  eniiie  tn  um  iliriiii!,'li  the  mnon 
-liiiiiii};  iiilo  Miiir  luilrnnni  nr  upon 
Mill  ,1-  Mill  .ire  a-l'-eji,  ynn  have  imlv 
In  nnunilier  that  .1  );n;ii  ni.iii\  men 
.inl  \ir\  maiiv  iiaire  .iiiimal-  -leip  out 
iiinler  the  -ky  e\ery  niylit  .iml  that  ihe 
iDonii  niii-t  -hine  on  llietii  while  tliev 
re  .asleep.  \-  .1  matter  of  f.iel,  penjile 
who  -let,  mil  miller  the  iipeii  sky  .are 
l,'('ner.ilK  in  ]iM-.-es-ioti  of  nmre  riit;i,'ei| 
health  th.iii  people  who  -leep  in  lieil- 
in  elo-e'l  room-.  So  it  is  miher  het 
tir  to  let  the  tiionn  -hine  nn  \nn  wliiK 
a-leep  than  ilnl. 

Tin-  helief  pmlialil)  -tjirteil  with 
-nme  line  wlm  hail  Irmihie  in  .cnini; 
In  slee|>  with  the  inumi  -hiiiiii'^  on  him. 
Iieeaii-e  the  lii,'lit  of  the  moon  miv,'ht 
h.ive  ;i  leiuleiicy  In  keep  him  aw.ike, 
I'  i-  e.i-ier  In  ijo  .1  sleeji  in  .1  dark 
rnniii  than  in  mie  lli.il  is  liylilei'  he- 
.-..ii-e  when  there  i-  no  lii;ht  llnre  is 
li --   ahmit    \nn   tn  keep   voti  a\>'ake 

Wli;U   Makes   Us  Dream? 

I  fre.ini-  nrii,'niale  111  tiie  lir.ain  The 
lirain  ha-  in.iin  ]>arl-  and  -nine  parl- 
I  f  it  m.iy  tie  .i-lee]i  wliile  nilier-  .are 
nut.  If  .ill  p.irls  (if  the  hr.iin  .are  ac- 
Inally  .i-leep.  it  is  said  there  e.in  he  no 
itre.im-  We  h.ive  dream-  .ihmit  tliinijs 
whiili  -eein  very  natiir.il  while  we  .are 
l-avini;  iheiii.  .and  wliiih  we  know 
wmiM  1"  inipii--ih|e  if  we  werewlinllv 
.'iw.ake,  heian-e  llin-e  part-  oi  the 
lirain  wliieh  em;irnl  the  other  parts  arc 
pmlialil)  .i-lie|i  while  the  dream  is  tak- 
ing,' plate,  and  it  i-  then  th.at  we  iiave 
thn-e  f  ,il.i-tii-  and  liii;hly  imayinalive 
dre.ani-.  fnr  the  hr.iin  i-  not  under  eon- 
tiiil   in   every   -eii-^e. 

\\\-  ii-ed  'o  helieve  that  dreaiiH  h;i\e 
im  piirpn-i  ,  in-1  :i-  now  we  know  th:it 
thi\'  have  II  '  nil. mini;.  Pitil  it  h.as  heen 
■  h-enveri''  thai  dre.itn-  h.i\r  a  I'lirpn-e 
in  tli.ai  tlir\  prnini  rmr  -Inp  Vnii 
-I'e,    ever\    dre.ani    1-    -l.irled    li\     -onie 


\\\i\\   (inosrs   vKi; 


•  listurhaiicc  or  ixciii  iiuiii  ui'  tlic  Ihi.K 
or  miiiil.     Suniiiliiii;;  may  Itc  iirc>>iii;; 

•  •r  touching  us  wlillc  wc  >lir|>,  or  a 
^traiijn'  >ouiiil  may  start  a  ilrcun,  or 
liirha|)s  it  is  some  tiiuoiiilortaliK  |.o 
~ilioii  ill  wliicli  wo  aro  lyiiiu  or  trotiMt- 
ill  till-  ^tomacll  on  aivotiiit  of  caiiii),' 
-I'liutliiim  \\i-  sliiitild  not.  WliatcviT 
it  may  lif,  tliosi-  tliinijs  uakr  up  -oiiu- 
part  of  till-  liraiil,  Ixi-aiiM  ii  all  |Mrt-. 
1  t  ilif  liraiii  \\vi\-  a>U'i'|),  wv  coiijcl  not 
111  or  luar  aiiylliiiii,'.  Any  siicli  ilis- 
tin|paiu-r  or  i-xfitiiiu-nt  woiiM  iiatiir- 
aliy  I'Xi-itr  tlii'  wliolc  liraiii  and  waki' 
rs  u]>  loiniiltiily  if  it  wt-rc  not  for 
ilr<.'aiii>.  Ilir  dream  takes  rare  of  ilii^ 
iiid  eiialiles  tlie  rc-t  of  the  liod\  ami 
liraiii  to  »Iee](  uliiit-  one  or  more  jiarts 
"1  tlie  lirain  are  disturbed  and  even 
i'<  rliaps  awake.  We  may  ]ierlia|.-.  have 
lireoliie  lllirii\ered  ill  some  wav.  i  his 
\wiiiki  iiroduie  a  cold  feelinj^'  and 
iiilijht    wake   a   part    of   tlie   hraiii    and 

'  ^^^e  ;i  dream  ahont  skatinj;  or  some 
'itlier  winter  amusement  or  experience. 
•■r  even  piriiaps  one  about  f.dliii).; 
through  ihe  ire.  and  -till  we  nii^lit  not 
I'c  miid-.cred  so  imuli  thai  it  would 
'    .ike  .my  yreat  diltereiice      The  dre.im 

I  ome-  and  we  l;o  on  uilh  our  -Irep 
without  w.-ikini;  up.  \\liirr,i-  if  it  \\,re 
not  "'or  the  dream  we  wniM  .iw.ikeii. 
in    other   w<>r(|s.   dre.im--   .ire    ju~t    .111- 

fher  wise  provision  of  iiatnre  which 
.ihle-.  u-  to  t;o  rij;ht  on  and  i,'et  the 
rt-l  uc-  in  '.  even  if  our  ilii,'e-tioii  is 
I'lit  of  01 1 1.  ..  or  some  ji.art  of  our  hr.iin 
i-  di-lurlied  throiiLjIi  ^unielhint;  we 
ri.id  .ilioitt.  or  were  luM  of.  or  we 
!'iout;ht  of   while  ^till   .iw.ikc 

Whv   Do  Wr  Know  We  Have   Drennifcl 
When  We  Wake  Up  ' 

(iec.anse  we  riiininlni  ^miu  ni  our 
dre.im-.  .'-oiiutinies  we  do  not  re- 
meml.er  the  dream-  we  dreamed.  This 
i-  jn-I  like  wli.it  li.ii)|ien-  when  we  ,irc 
.iwake  We  reiiu  iilher  -oiiie  tliiiif;-  and 
forjjit   others. 

"Ire.ims   are    .1     "rt   of   safety    v.ilve 

II  I'ur  sleeji.  We  drcaiii  beniise  not 
dl  i.f  our  hr.iin  is  asleep  at  the  time 
iiiil    it    is  .1    wise   provision   of   nature 

t'l.it  permits  the  w.ikinj;  part  of  the 
I'lMin    t'.    l;o    on    working   without    dis- 


IMrhliif,'   the   -Irep   uf    the   other    p.m  -   ol 

the  brain  If  ,1  l.irj,'c  part  of  the  brain 
i-  ;iwake  and  en>;a>,'ed  in  niakiii),'  the 
ilreani,  we  .-ire  very  .apt  to  remember 
li'e  ilre.iin  :  but  when  we  dream  .md 
cnnot  remember  what  the  dream  wa- . 
il  i-  becan-e  only  a  vers  -mall  portion 
'if  the  bniiii  w.i-  .awake  ;iiid  in.ikin;,' 
..  drciii 

What  Causes  Nnjlitmaie  I 

\  nijjliimare  i-  a  dream  of  what  we 
ti.';;lit  call  ;i  vitjorou-  kind.  .\  ni^'ht 
mare  is  caused  liy  .1  fi'eline  of  inieiiM 
le.ir.  horror,  .inxiets  or  the  iiiabilit\ 
t'l  e-i;ipe  tri.m  -oiiie  j,'re.it  d;inj;er.  \ 
i'M,'liim,ire  i-  the  re-nlt  of  either  .m 
irret;ul.:r  (low  cif  I  Ino  |  to  the  br.iin  i.i 
by  a  stom.ach  that  i-  not  in  propn 
coinliiion. 

The  name  for  tlii-  kiml  of  ;.  dream 
come-  from  the  word-  ni.i;ht  ;ind  mare 
i'lie  latter  word  in  one  of  its  several 
iiie,iiiin>:s  indicates  an  incubus  or  e\il 
vision,  .and  .1  dre.ini  of  ,111  evil  vision 
involvint;  fe.ir  or  horror  c.inie  to  be 
termed  a  ni.ire.  .-^in,  e  tlie\  iKTurred 
i;elier.illy  .it  nii,'lil.  since  most  peojile 
-leep  at  iii<,dit.  they  became  known  ;is 
i:it;htmares.  N'iyhtm.ire-  arc  niore 
C(  miimii  to  childri-ii  tli.in  i;;ii\\nii;i 
people  ln'cau-e  clnMrm  an  niTi-,  .,],| 
ii  have  ;iii  uneven  ll^w  of  Mih,.|  i,,  ihe 
br.ain  .ami  al-o  .are  more  apt  to  e.it  the 
ihinijs  which  put  the  -lom.ich  in  a  -t.ate 
'  *  iiiire-t  which  lail-c-  'iii;l.tin;ires. 
'•rown-up  people  .irr  more  likel\  to 
ii;  \c  lean  ed  to  ;i\oi.i  the  .ibu-e-  of 
•he  stomach  which  arc  ,ipi  to  pro<luce 
tn'ulilin.ire-. 

V'hat  Are  Ghosts? 

I  iie  m!.'.-,  ul'  i;li(i-!-  1-  ihc  re-u'i  i>\ 
.1  iiii-l,ike  of  tin  lir.iin  or  .in  ,iitem]it 
lo  .icconnt  i.,r  -mnrlliini,'  of  winch  we 
-(c  llii  rcMill-.  hilt  li:i\r  no  actn.ii 
kiM\\  |,.,|i;r,  lluTc  .ire  no  ohn-is. 
I  lure  .ire  many  forces  at  work  in  the 
v\orld  of  which  we  know  iiothiii'j  as 
>et.  Many  of  the  wnnderful  things 
th.'it  occur  in  the  worli!  ,ire  .1-  \et 
mysteries  tn  ilv  min,]  <,f  min  IM  rv 
little  while  ni.in  di -covers  one  of  iIkm' 
new  forces,  and  then  hr  is  able  t..  nii 
derst.-nd  many  things  plaiiilv  which 
were    up    to    then     surronmieil      wiili 


\\ii\  I   L  \i  SI  >   \  Moi    i;(>\ 


it:\^ti'ry  atiil  in  the  mliiil'^  oi  <ii|iir>li- 
tmi'^    |ii'ii))li'    attriliii'.i'il    to    spirits    or 

>;l;n  I-.      I.oll),'  I)i'tori'  \\t-  lllliliT«tooil  as 

imu-li  a-i  \\f  do  now  ol  tlu'  workiiijjs  of 
ilivtririty  (ami  tlu-y  <.ay  vm-  know  only 
a  little  of  its  womUrs  as  \ct  i  many  of 
ilu'  natural  womjers  |iroiltii't'<1  !>>  cKv- 
liuit\   Wi-rv  attrilmlol  to  j;liosl« 

Most  of  tin-  ni.ir\(loti>  lak's  of  tin- 
uoniUrs  |ieriornui|  li\  anil  visits  from 
•^liost>  are  tin-  n-siill  of  ilisturliames 
ol  tile  lirain  in  liie  people  wIki  think 
ll  e\  see  llh-  uliiisi-  and  the  re^nlts  of 
llieir    work. 

A  iTe;''nte  uilliout  inia.i;inatioii  iloes 
I  ol  pretend  to  sn-  i,r  lielieve  in  yliosts, 
Man  1^  tile  onl\  animal  wliieli  ]io>- 
-(  s«(N  tile  al)ilit\  to  imagine  tliiiiys  and 
>o  tile  >;lnists  we  hear  ahoiit  are  the 
ireatures  of  the  disttirhed  lirains  of 
men.  <  ieiieraily  in  tiie  ;;liost  stories  we 
hear  of.  the  ijiiost  is  described  as  wear- 
inij  clotlu"- — Usual!)  white.  \  hed 
slieet  thrown  o\er  the  foot  of  the  hed 
I  .ay  appear  to  a  half  awake  jiersoii  as 
the  outline  of  the  lijiure  of  a  >,'host  and 
t'l  one  of  a  iii;,dil\  inia.i,'iliative  tiin- 
piraineiit  witiiout  the  eonraije  of  in- 
\i  sti'.;alion.  heionie  forever  a  real 
i;liost.  I'sually  what  is  suji-ii.  •!  to  he 
.1  j;host  is  .iidy  a  creation  ot  the  mind 
—a  vision  sneh  as  wf  can  develop  ditr- 
\iiii  a  dream  -oftentiuies.  however, 
V  hat  you  look  at  wlieii  yon  think  you 
see  a  i;host  is  an  actual  suineihini;  sncii 
a'  the  she,  relerreil  to.  hut  whiih 
takes  ihe  form  of  the  j^liost  in  the 
hr.iin  of  the  |iersiin  who  is  luokin;;  at 
it  ihronyh  exes  thai  really  s^.e  it.  hut 
oi;t  -li  a  hr.'iin  that  for  the  nionient  .it 
Ic  :i-t  i-  f.tr  olY  il-  li.il.mce. 

Why  Do  Girls  Like  Dolls  ? 

<  iirls  like  ijolls  hecausi'  they  come 
into  tin-  world  for  the  purpose  of  he- 
comiu!,'  mothers  .mil  tiie  love  which 
tliey  dis]ila\  for  dolK  is  the  mother 
mstind  wiiich  henins  to  show  itsilt 
e.:rlv  in  life  To  the  little  ir'rl  the  doll 
is  a  make-helieve  child.  It  satisfies 
hir  .is  liiiii;  as  there  ari-  no  real  h.ihies 
lo  t.ike  its  pl.ice.  hut  .iiiy  little  j;irl  will 
drop  her  dollie  if  she  is  yiveii  an  op- 
•Mirtunitv  to  pl.iy  ,it  dolN  with  a  real 
I've  h.ihy  instead.  This  is  .a  viTy  iii- 
tere-tiii"'   fact   in   connection     with    the 


li.m.in  race.  Hoys  sutnetnius  pl.iy 
v.ith  dolls,  hut  not  so  often,  and  any 
killcl  of  a  hoy  will  jjive  U])  playing; 
v.ith  a  doll  ;is  soon  ;is  a  toy  en),'itie  or 
some  other  Uiy's  toy  appears  for  hini. 
'  hoN  has  certain  m.innish  instincts 
■.\hich  .1  ;;trl  h.is  not.  We  have  many 
o;her  instincts  hesidi-s  tlu'  instinct  of 
p.Teulliood  and  each  of  them  h.is  its 
origin  in  some  cert.iin  kind  of  feelini; 
which  is  horn  within  us  and  is  c.ipahle 
<i   •leve|i>]'nient  aloni;   iiUen-siiiii;  lines 

VVhai  Makes  the  Woiks  uf  ,i  \V,iU  h  do' 
\  u.ilcli  liki-  .III)  oilier  in.ichiiic 
which  we  have,  onlv  jjoes  when  power 
Is  a]iplied  in  snine  form  or  another  In 
the  case  uf  a  watch  it  is  a  spriu};.  \ 
sprini,'  is  .in  el.istic  iMidy,  such  as  a 
strip  of  steel,  ;is  in  the  case  of  the 
w.itch,  coileil  spir.dly  which,  when  hent 
or  forced  out  of  its  natur.il  st.ite,  h.is 
the  power  of  recovering  its  sh.ipe 
aiaiii  hy  \irtue  of  its  elastic  iiowc" 
Ihe  ti.itur.il  state  of  a  w.itch  spriiii;  is 
to  he  open  llat  and  spread  out  to  its 
fill  leiv,,'tli.  When  \ou  wind  a  watch 
\ou  coil  this  spring,  i.e.,  you  heixl  it 
out  ol  its  n.itur.il  shaiie.  .\s  soon  ;is 
\uu  stoji  uli.dintj  the  s|)rin.!,'  he!,;ins  to 
uncoil  itself,  trying'  to  t;et  hack  to  its 
iruural  shape,  .iiid  in  doint;  so  m.ikes 
the  wheels  of  the  w.atch  which  operate 
the  h.iiuls  ijn  round.  The  sprmi.'  then, 
or  rather  its  elasticity,  which  .ilw.iys 
makes  .111  el'l'ort  lo  ijet  back  lo  its  nat- 
inal  st.iti-,  i^  the  power  wliich  make? 
till  w.itch  ^o.  .Men  who  m.ike  w.itches 
.;rr,inL;e  the  sprin;  and  "''e  other  ma- 
cliinerv  in  tlii  w.atch  in  sn,h  a  w.iv 
that  it  w  il'  uncoil  itsilf  mily  at  a  cer- 
tain r.ite  of  speed.  Sooner  or  I.itcr  llir 
s]iriiii;  lose-  its  el.asticity  .and  then  iis 
I'owar   to  make   the   watch   i;o 

What  Makes  a  Hot  Box  ? 

\\  lull  Mill  |nil  oil  (III  the  .ixle,  liow- 
iwr.  the  oil  tills  up  the  hollow-  he 
iwten  the  little  irre;;ul.ir  h.tmp  on 
liotli  the  axle  .iiid  the  huh,  and  makes 
them  hoth  siiiMoth  .ilinost  jierfectly 
so  This  reiluces  the  friction  and  kee|)s 
the  a.\le  .■iiid  huh  from  hecomini;  hot 
and  ex|iatidin.i,'.  The  less  friction  th.it 
Is  developed,  tile  more  e.isily  tl.e  ulini 
will   turn. 
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The    Story    in    a    Movinj^    Picture 


How  Are  Moving  Pictures  Made  ? 

Ill  lir^lll  .It  li,r  111  ;,'inillnj^.  ur  mll^l 
-tart  Willi  till  iifL;,itl\r  ^tmk.  ur  tlllll 
nil  wliiili  llu-  iiutiiii--  arc-  taki-n  I'liis 
iiiattTial  1-  very  iiiiuli  like  tin-  lilm-. 
Mill  buy  ior  tiu'  iinlitiary  siia|i-slii>t 
latiitra,  >li^'lilly  iira\ur  and  of  iiKin- 
liiralilc  ()iialit\,  tn  ■;,..<!  the  wear  and 
tear  i.f  passnit;  llirimj;li  tlic  |iictiiri' 
I  .iimra  and  tin-  iirdjietinj.;  niaeliiiu- 
u-rd  III  (Aiiiliitiii'i  'I'liis  tilin  is  i^i 
nulic^  wide  .md  iiiiiir--  in  mils  ut  Jtx) 
Uct  in  IciiL^lli.  Ilii^  iu',i,'ati\c  ^toek  lias 
111  lie  iar<iull\  | urioralrd.  niakini,'  the 
illlll■^  iH-ec-.~ar\  tn  iiiiid'.ut  the  lilm  1)V 
aid  (if  --iiriirkfl^  llinuiuli  liu'  canuTa 
and  tin-  lirnjii-tiiM  ii|ir  I'li  -till  MM 
liiiT  niidrr-'and  llii^  rsplanaln  ill.  see 
I'hi^tr.itimis  I'f  tlir  iu-L;.iti'e  >ti)ek. 
II.imiil;  prri.ind  llu-  I'dni  in  the  dark 
riiiuil.  we  i.in  In. id  tlie  i.iiiiei'.i  in  tlie 
dark  inniii  .111  1  ]irii.-i'rd  tn  t.iKe  the 
|iutlire. 

In  takiiiL'  .111  indu-'Irial  nr  tr.i\  elnt^iie 
|iutiire.  alter  the  eaniera  i--  in  re.idi- 
ne>-.,  is  lint  -II  mill  h  "i  in  nnderlakiiii^ 
.1^  t.akini;  .1  [III  tiite  ni  .1  dr.ini.i  nr  euiii 
ed\',  wliereip  ,i  |il  it  ,ii!i|  |,l,i\ir~  .ire 
I  nneerned.  The  tra\ilnL;ne  nr  iiidn-tri.d 
|iieiiire-;  .ire  -iiii]il\  |i!iiui)q;raiili\ .  wilh 
tlu'  additinnal  iliaii;,  nlilinn  nf  [i.inn 
raniiiiL;  nr  liirnlnij  the  eanier.i.  whieli 
rei|iiire-  .in  exiurt  kiiiiwledL;e,  ae- 
illireil  I  mm  i\|ierienie  .iiid  \e.ir-  of 
study  I  here  i~  1  ihstiiH-tinti  .and  .i 
hii;  ditTereiui'  hetween  the  nrdin.irv 
|.lint(ii,'ra|iher  .■nd  the  !no\iiii:  i>ietiire 
pliotiifirapher.  whn  is  LJeiier.ilK  knnwn 
as  a   "canicra-niaii."     \   plioinijraiihor. 


therefore,  tliouf;li  of  vast  experience, 
eaniiot  tep  iiilo  a  "e.imer.i  iiian'--" 
pl.icc  and  expeel  to  "iiiake  ^jimd  "  I  he 
latter  lias  to  de|ieii(l  entirely  n|.nii  hi- 
-peeial  experience  and  jiidf,'tneiit  ,is  tn 
lii,'lit  and  di>taiice,  l(K'ii>ini,'  .nid  >.;--ii 
eral  physical  conditions  tii  the  innMii;.; 
picture  camera,  wliieli  is  .iHieted  In 
static  and  other  elect ne.d  peculiarities 
of  the  ;itnios|)liere,  to  he  .iMeded  h\ 
him.  These,  ;ind  main  nilier  |iomts. 
are  coiivincinj;  evidence  th.it  the  mo\ - 
ii'j,'-pictiire  canier.i  is  mtireK  dit'ferent 
from  .m  ordinar)  plintnor.iphic  cam- 
er.i.  A  moviiifj-picttire  ..iiiiera  and 
tri]iod  wei^,'li  from  lift>  to  one  hundred 
I'l.iinds.  There  .are  two  st\|es  ^,\  latii- 
eras,  one  which  I.ikes  ,i  sinyle  tilm 
and  one  which  takes  two  lilms  at  once, 
.iiid  each  lens  nf  the  dmihle  camer.i 
nillst  he  ei;!i.dl\  Well  ineilsed  Illld 
eury  feature  In  he  deputed  nnist  h.- 
hron!,dit  within  tin-  fneus,  which  L;eii 
er.illy  oecnpies  :i  r.idius  i,i  S  feet  in 
widlii    li\     In    feel    III    hei-hl 

\\  hi  II  it  (i.iiies  In  takiilL;  a  phntn 
pl.iN.  .a  dr.iiii.i  nr  cmiiedy,  dilVerent 
11  luhtiniis  nf  .1  \.irieil  n.itnre  have  to 
hi  cnnlelided  with.  I'n  prnceed  illteh 
hu'eiills  in  takiiii;  .i  pho|n-pla\.  ;i  see- 
ii.irin  or  iii.iim-i  ript  is  rs^,-iiti,il  It 
nnist  he  piei.M-i  d  with  .i  well-written 
svnopsis  nf  the  stor\  in\(iKt.d.  cast  of 
char.icters.  scenes  to  he  eii.acted  and  a 
list  ot  properties  rei|nired  in  the 
sillies  The  dirictnr.  nr  producer,  of 
il  e  plav.  heiniT  furnished  with  such  a 
■.;nide.  proceeds  to  select  ihe  .ictors 
iiid  .actresses   (called  jilaNersi   suitable 
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\1  I  t    '  1  K      K  \  1  1 


lor  thf  ]>arts  ami  i\h-  lilliii);  di  tin-  cii-t  i'    a|>|ir;ir   fur  rclu'ars.il  ;ii   ;i   «it   In 

This    lK'iii<,'    ai-i-«»ni|ili-licil,    lu-    insists  \t   iliai   ti:iu-  lu-  imt-   iluin   liiiniii;! 

that   rai'li  oiu'  (if   .lie  [ilaMTs   n-ad   tic  tlinr<ui;;li    luiirM-    of     lr,iiiiiii«    ur 

-ii-narii)  in   onlrr  to  Ik-   familiar  with  h»-ar>.al,  to  ""Ki't  over"  nml  rt'^jisicr 

lis    or    her    part    aii'l    uiiiliT>taiicl    tlu-  niianinj;  of  t-ach   th(>nt;!it    uliifli   is 

whole  jilay   hofore  Koinsj   into  the  pie-  he  expresseil   hy   their  aeliun-.      Soi 

tnre.      Ihe   direetor   insiruets    iliein   as  times  a  seene  i:-:  rehear^efl    fmir  tn 

to   the   eostltines    tittini;   the   |iart»   anil  l.onrs    hefore    it    is    ]iliMiii;^'raphed 

then    confers    with    the   eostiuner    eon-  oiu'-reel  play   is  j;enerall\     \'x«<   i,.i 

eernin(»  the   ftinii~hin>;  of  proper  ilre^-.  K  iitiili.   and    it    is    \it\ 
for  eaeh  one  of  the  pla\er^       1  In-  di 
reetfir  is  ready  to  jjo  on   witli   the  pei- 
fonnanee  of  the  Jilay,  and  till-  lii-  la-i 


nn|.on,int  I 
lla-  ilinetiM'.  if  \iv  ji.i-  l'Aiiii\  -111 
I'lr  inslaiiic,  |.>  inlnidihi-  uitlim  I 
li:<Hi     Icct,    lo    linic    ihr     -.elli-     In 
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Kxait  size  nt  a  Moliuti   Pictiitp   I-'ilm 


ST\(ii\(i  A  MoiroN  iMcriRi    in   \  siidio 


.*7l 


liiiL;tli  <pl  Ills  liliii ;  th.it  »,  It  lie  h.is 
iwiiiiy  si-iMics  willim  rmc  tliiiu>;iii<l 
lift,  I'.-icli  III  ilu-  iwi'iity  M-i'in'N  must 
iHit  ;ivir;i),'i-  mure  tliaii  one  minute 
'  aili.  It  one  shoiilil  li.ippeii  In  he  more 
than  one  tninute,  tluii  lie  lias  to  coii- 

■  !i  !i>e  anoiluT  scene  less  tlian  one  miii- 
iiie.   in   onler  to  lirin^  all   within   the 

■  '.  1  ittv   ii:iiiut(  -   iir    ii "  K,    f,  I  I 


UJ^Ilt    llll    lil     -I ,,.,,,,,,    I,    It.ills    1,111- 

tineij  to  tiiat  mtiili  >ta>;e  wiiltli,  '  Here 
a;;ain  is  wliere  the  eamera-inan  has  to 
watih  very  earetully,  not  only  the 
workings  of  his  eaiiiera,  hut  the  i.!a\  - 
ers;  always  alert  tli.it  they  are  in  the 
pii'ture,  ami  a^sistintj  the  direi-tor  liy 
his  oh^ervations.  The  si/e  of  each  pic- 
mre  as  taken  on   the   lihn   is    'j    li\    i 


r,<«i 


«  I 
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KKHKMOISt,     MtNK     IN     >rn)l.i 


The 


:izf  of  Eadi  Picture  on  the  Film. 


><>  \iiii  iMii  -i-v  trmn  thi-  th:il  ii 
iiicil~  \<ry  c.ini'ul  rehearsal  and  nice 
caKtilaliiiii  to  liriiig  a  well-acted  and 
ciiipuirm^'  |.i,i\  v\il!iiii  -o  -.licirt  a 
tnnr.  1(1  I, -11  111,  uliiilr  -torv  irtclli- 
i;rnli\.  lla\lni,'  dune  all  thi?.  llu-  di- 
rictnr  i>  ready  to  have  the  "catncra- 
ii'an"  do  his  part  of  the  work.  He 
<lra\\s  his  lines  within  the  range  ot  the 
cauura.  which  do  not  v-xceed  eight  or 
tin  t'cct  in  the  fon-ground.  This  is 
anoiliiT  piiiiil  to  ]>,•  considered  on  the 
part  of  the  director,  hecause  all  the 
action  lia>  to  bt   carried  out  within  the 


i'lcli.  It  i-  itia'jnilicd  ten  thousand 
iinie>  its  aitnal  -izo  when  we  see  it  on 
the_  M-reen  in  ,i  place  of  exhibition. 
.\  full  reel  of  i,KX)  feet  --hows  id.cxxi 
photoirraph-  on  the  screen  iluring  the 
tu{'iit>-  nnnnles  it  consunio  in  its 
■■Kowin.^r  II,,.  fiuure  of  moving  ])ic- 
ti;re-  I-  no  longer  ;i  matter  of  specula- 
tion. The  liiiMiit^^  i~  an  established 
one,  .and  it?  further  de\tlopments  are 
only  matters  .if  time.  The  possibilities 
and  uses  of  the  animated  art  are  un- 
limited. Already  it  is  felt  in  educa- 
tional, religious,  scientific,  a-id  irnlus- 
trial  affairs.  Their  iiiHiieiice  in  iii.:tt,T, 
of    sanitation    and    all    ,-i\ic    iinpro\e- 
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\.\c\\  i>icn  Ri.  IS  riRST  i  \ni[ii  iid  at  thl  stldio 


nir.il<.   ciin-tnictiiin    aiul    ini.-i.hanic>,   is  Tlif   liliiiv   -.trv   tiiiallv   ck'are<l,   to   w.isli 

iii\alnaliK'.      A'^    a    niociium    of    whok-  lluni   cl'.ir   nl    am    (.-xtrarn'Oiis   dieiiii- 

MiiiR'   uiittTlaiiiiiKiit   and   scilid    iiistnn:-  cals  or   nialtfv   xsliii'li    mii,'lit    >troak   or 

linn  it  is  ltn>ur]iassc(l.  >iTatcli    lliv    lilnis,    .Mui    avoid    any    (.)!)- 

riu--c   arc   iiKTcly    su^gostions   of    a  iictionali!  •     nia'tr       tliai     niii,'!it     mar 

;i\v  phases  of  its  utility  and  it  is  oidv  ilu'ir   a|']>oaran>  r     .Inn    >li()\vn    on    tlio 

a  natural  concliisiim  tiiat   it  will  he  so  --oreen   or   in    the   iirocess   of    handlin;,'. 

far-reachini;   in    its    uplift    that    it    will  As   soon   as   i-onvenient   after  a    lilni 

siir]iass    tile   exjioctations    of    tin-    nin-;t  i^  t'lnisliecl  it  is  taken  to  the  exhihition 

sati.i,niine.  rocnns.  ;.t  the  studio. where  it  is  th.rowii 

I'l  de\elni  .  tint  and  elear  ihi    idnis.  onio    the    senen.     It    i>    reviewed    first 


TIIK  IiiA  i-l.ol'IXG  KOOM. 


lartje  tank--  of  wood  or  soapstoiie  are 
n-ti|  The  tiltns,  which  are  wouml 
I'jion  the  woodi-n  frames,  or  racks,  are 
di]iped  into  the-e  vats,  filled  witli  the 
necessary  chemicals  aii<l  li'iuid-.  The 
films  heint;  wound  on  frames  enahle~ 
the  developers  lo  examine  thcni  with- 
out haudliu,?  them.  The  tintiiii,'  is 
done  by  similar  methods  to  give  the 
neeess.arv  tint,  colorinij  in  red.  sepia, 
hlue.  eriin  or  vcllow.  imp.artinsj  lo 
t!'.!!'!  th.e  !'!Yt'.t  of  ni:'!u.  -nnhf'ht  or 
evenini'.    whiiiiiver    the    i.i'-e    I'l.iv    lie 


h\  the  he.ifls  of  the  departrnents  and 
the  directors,  and  Liter  hv  plavers  and 
.ill  those  intere^tecl  in  it.  The  projec- 
loscopes  or  niovinij-picture  machines 
.ire  run  hv  motor.  pre>ii!ed  o\i,t  h\- 
licensed  operators,  who  are  kept  on 
the  job  continually. 

These  exhihition  room.^  ,irc  called, 
in  the  parlance  of  the  studios,  "knock- 
lodi'tmis."  for  here  is  where  everv- 
thini;  i<  criticisdl,      Plixers'  actint;  ;md 

(;(,,,.,,.;    ■.,-..     ;,,,!,r,..!    U.J    i]....r    .,.,..,..,_.,.,.... 

.ind    coiiclnct    on    the    screen    anci    cleci- 


THi;    BOARD   or   CUNSORi;   [>ASSi;S   ON    tVlIR\    I>1CTLRE 


DRYIKG  ROOM. 


-uiti    <,'ivc!i    as    to    ihcir    (lualilRafinns.  juiiunahle  parts    iiv  rliiniiiatfil.  and  if 

I  111-    (|uality    (if    llu-    i>liot(>!,'raiili>.    de-  omi.-idcrcd  eiitirulv  li,;niiful.  in  il-  scn- 

wlojiinif  and   tiu-  iiirtnrt>  n<  a   tini-lu'd  tmicnls  or  inHiK:uc.  tin-  jjirtnro  i-  c-nn- 

prodiu'tiiMi    is   Iktc    d.lrrniuK'd    liy   the  (knintMi.      'I'll'     niaii)rii\     rulv^    in    ihr 

ln-ads  (if   the  ronci-rn.  hoard's  judj."-(K'nt,  ahh(nii;li  it  is  l.\    iiu 

l'.\ir\    jiu-tnri-    h<  fore    it    is    r(.K'a>-C(l  means   infalhhlc   in    its   decision.       iliis 

or  cxhilntn.n  niiiM   hi.'  |MSsr(l  ujion  by  iioard  is  composed  of  ahont   <i\t\-  per 

he   r.t.ard  of  Cen-or-.      It   i-  run   itpon  sons,    who   are   appointe'l   hv   tlie    ;,'ov- 

h.e    --reeii    .and    tii(inm,L,'hly    insjjeeted.  ernnient     for    their     general'    f|uahtica- 

Titiei<ed.     and     e\ery     point     in\dl\-ed  tions,  their  interest  in  the  t,'eneral  wel- 

l.orotiLihly     wei,L;hed    a-     to    its    I'tlVet  f:  re    of    the     pnhhe.    keenness    as     to 

ipoii   the   niind   of   the   ceneral   piibhe.  niorahs    and    iiphft     of    the    people    at 

li.  in  their  ostitiiation,  it  is   found  ob-  larije.      'Iliev    do    not    receive    salarie- : 

"clion.ahle    in    any    particular,    the   oh-  thieir   service^   are   /-r.)    /m;.m   puhli.-o 


\    jj 


vklM,      \     MIIITARV     ■;rKM 


THt   STOKN    IN    "  PICJS    IS    I'lUS 


^^ 


\'i  r.\(;".\i'ii    I- AMins    XiTiKiKs'   Skriks   hv    !'i.i  i^    !'\kkki; 

I'lL  TI.KK. 

/  I'll  IIjtc  .Sivii  I'itis,  hut  Xi-'iir  .Viii/i  /  ivj  jj    /  '...ir.      I  wo 

of   Them   /I'l'iCHii-  y;(;//i(   Hundred  l'i;/s  Si>   A'li/'id/v.    7 /ifj' 

Set  lUiiiiiy  Oapy  ii»ii/  .llinoit  h!uiii  tlu-  l-.xfras  I'lisiiiess. 

Diiectoi — CiKuKc.F  I).  Bamk.     .lutluir — lii.i.is  I'akkkr  IUti.iu. 

r.\sT. 

Ihviiicry,  an   li.vfrcss  .U/riit JdHN    IUnnv 

.l/r.  Morehouse Eru  n  nk  (  iirarikji 

Cierk  III  I'i'iiiflaint  Deft Coirtlam)  van   Df.iskx 

IhiiJ  of  Claims  l>,pt Wii.r.i  \m   Shi  a 

Mr.  Moniaii.  Head  of  Tarip  Deft \lbi  rt  Kiiet  xhiu 

/'resident  of  ConifaHy \\iikrs     Iammh  i 

i 'rof.  Gordon   Gbirge  Stevens 

AlliT  a  stniuiiiiis  ariiuimnt  willi  I'laiuurj.  tlic  local  Ex- 
press Agiin,  Mr.  Xlnnliniisf  rtiu-is  to  pay  \\\v  ,vic  iliarKv- 
■  ili  oacli  c'f  ttt.i  j;iniHM  pi^-  >liippr<l  liim.  ilaiininn  tluy  arc 
Jilts  ami  suli.icct  to  the  jjc  rate.  Flannery  replies,  "Pigs 
IS  piKs  ami  I'm  lilamr  Mirt-  tlinii  .iiiiiii.iU  i~  pi)..".,  mil  pci^, 
and  the  rule  sajs.  '30c  each.' "  Mr.  Morehouse  writes  many 
IniKS  to  the  Express  I'onipany.  cl.tiinini.;  uniiii.i-pn;-  ,in 
U'lt  cnnuMon  pins,  ami  each  time  is  reiirnd  to  a  dithniii 
ikpartmetit.  1  I.iiitiery  receives  a  note  from  the  Taril! 
Department  iM'pnriiit;  as  to  comlition  of  con^i■.;lilnent.  t.- 
vvhicli  lie  replies.  "Tln-re  are  liuln  ii^vv!  All  ,i.;o..(l  can  1 - 
I'aid  ont  two  dollars  for  calibage  so  far."  The  mattir 
ini.-dly  rcaclu  -  tlu-  I're^iiKnl.  ulic.  vvrili  s  .1  I'rirml.  a  /■"■- 
logical  I'rofissor.  I'n fortunately  that  gentleman  is  in  Somh 
\lriia.  caii-iiii:  a  <Ulay  oi  manv  months,  durin.u  vvliiji  Imu 
ilie  pi:^s  inert. isi-  to  1(0.  At  la^t  word  is  riciivid  Ironi  tin 
Kariuil  man  pri>vini;  tliat  guiiua-pigs  are  not  conunon  pigs 
I  lannery  is  then  ordered  to  collect  Jjc  each  for  two  guinea- 
pigs  ancl  deliver  the  entire  Lit  to  consignee.  Tlure  are  nov 
^<«)  and  i-Iamury  is  liorrilied  to  l;nd  Morehonsc  has  moved 
to  parts  unknown.  He  is  ahont  to  give  up  in  desjiair  when 
the  company  orders  him  to  forward  the  entire  colKclion  1. 
the  Main  Otlice.  to  he  disiiosed  ,.f  .,<  unclaimed  properlv. 
in  accordrince  with   the  general   rule. 
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ItLDlNG     THIi     I'IC.s 


THI-    I  II^SI     \\()\  IN(i    l>ICH  PI     CVMII.'V 


Wlio  Made  tiie  First  Moving  Pictures! 

I  Ir-  hr~l  ilcvitL-  uIlkIi  proiluccd  tin- 
nii)li(iii-|ii<.uin.'  (.(iiLi  \v;is  luptliinj,'  hut 
.1  M-iiiiiilic  toy.  I'lii'  idea  is  ;i!niii>t  .is 
ulil  as  |iicturis  tlieiiiM-lvis.  I  In-  tuy 
wi-  s|nali  of  \va>  calKii  a  /(ntn  r  It 
t(insi>ti-il  of  a  wliirliiii;  ovlimliT  liaviii;^ 
many  .-111-  in  ilio  ontiiili.-  tlirouj^li  wlucii 
\oii  Cdulil  M-(.'  i)y  looking;  into  tlii.'  i-y!- 
imiiT  a  piiluro  opposite  cai'li  slit.  The 
picturi'^  \\(.Ti'  drawn  h\  hand  and  tiic 
artist  aiincil  to  plaoc  thi'  imiures 
within  tile  cxlinder  in  -uili  nrdir  thai 
laeli  >neceedinf(  one  winld  rr]]re 
sent  the  next  successive  nu'liMn  nl  an>' 
niovinji  ohject  in  ntakinj,'  a  inovenunt 
a-,  ni'ar  as  he  i-oiild  draw  it  ;  when  the 
i\  liniler  was  whirled  with  the  >lit>  on 
a  le\el  with  the  eye.  the  effect  ]iroduced 
was  of  a  continuous  niovinj;  ]>icture. 

A  5,'reat  many  devices  were  iimduced 
a-,  a  result  of  this  to\  fur  pre^entinu 
th.e  effect  of  ])ictures  mi  arran.!,'ed.  lint 
until  |ihoioi;fa|ihy  was  invennd  iH'  way 
u;i~  t'liinid  for  uiakint::  the  ]iictnri-  tu 
lie  \i,\ved  except  Sl'.cii  a-  unr  drawn 
li\  art!>t-.  Hut  when  i'lMln:_;r,i]ih\  w:i^ 
di-veloped  it  w;is  |)o--Mlilr  to  ',;rt  actual 
~iKce--~ive  pluiti).i;ra]ih?.  Ihc  ureatc~t 
dilliculty  was  founil  in  takini;  phntu 
U'laphs  in  such  iinick  •^lIcce--illll  tha. 
,i!l  III"  the  niotiiiiis  in  the  inii\iiii;  nhject 
were  taken  wilimnt  anv  --kiiipin,!;.  I'hi-- 
difliculty  was  for  the  lirst  time  snccess- 
ftd'\  overcome  l.\  Mn\hridi;e  in  1^-77. 
lie  arrant;cd  a  row  of  twciU\-lour 
camer.as  with  striu!:;  tri,i;i;cr  --hutter^. 
the  strintr  of  each  '-hutter  lieini; 
■-iretched  across  a  race  track.  \  mov- 
ii:"  horse  appro.achiiii,'  down  llie  1  ick 
lirnke  the  strin,Lrs  as  lie  came  \n  li.em. 
till-'  o]ieratini,'  each  of  the  camera--  in 
'nrti  in  (|in'ck  succession  .md  --eciirinir 
a  scrie--  of  ]iictures  of  the  mnvint;  hor-e 
within  ;i  very  short  time.  There  were 
tv.  etity-four  pictures  to  this  tilm  when 
reproduced  in  the  devices  then  kiinwn 
for  projectiii!,'  ])ictures,  an  I  iln> 
method  rei|uired  one  camera  for  each 
■■ection  of  the  jiicturc  produced.  <  >f 
ciitrse,  the  leni^th  ot  the  -eric-  was 
thus  liiuited  >;re;itly. 

.Miont  ten  vears  l.'it'.T  I.'.'  I'rmL'.  .ir- 
rans;ed  what  he  called  .1  multiple  cam- 
era.    This  was  as  a   m.itter  of   fact  a 


!•.  liei\  111  ^i.Meeii  autonialicalK  le 
loadins,'  cameras  in  which  strips  of  lilni 
were  used.  I!ach  of  the  sixteen  c.im- 
eras  took  ,1  picture  in  turn  and  then 
autoniaticalK  lininj;ht  .another  stri]i  of 
the  Idin  into  ]iosition.  so  that  camera 
numlier  (»ne  took  the  seventeenth  pic- 
ture, the  twenty-third,  the  forty-ninth, 
etc.,  ;ind  each  of  the  other  camera-^ 
took  their  various  pictnre^  in  turn. 
W'iiii  this  camera  a  lilni  m'  ,in\  re- 
i|nireil   len.i,'th  could  lie  |ir(nluced. 

The  I.e  I'rince  camera  was  therefore 
the  real  parent  from  which  the  modern 
motion-iiictnre  c.iiner:i  spr.anj;.  The 
lir^I  really  nindein  motion-picture  cam- 
era w.i-  lunll  ill  ,1  sjiiitlo  c.a^e  with  a 
ti,itter_\-  ol  sixteen  -ep.arate  kus<.-s  and 
sixteen  --linlters.  These  were  o])er- 
.iled  hy  turniiii,'  .1  crank.  The  picture- 
\v  ere  t.aki'ii  on  fnnr  -trip-  of  tdiii. 
When  the  crank  wa-  turned  the  ex 
pii-ure  wa-  iii.ade  to  each  of  the 
-ixletn  Icn-e-  in  -ucccssion,  .and  when 
the  -erie-  wa-  completed  the  lilnii 
were  cut  apart  and  pa-ted  loL;etlier 
Ml  .1  -iiiLjle  -trip  of  tilm.  the  ]iie 
Hire-  llieni-eKe-  Ik-iul;  ;irr:inL;ed  in 
the  priij'ir  order.  The  principal  de 
'  elopnuni  of  ilii-  carier.a.  a-  founil  in 
llie  ]ire-ent  method  ol  iiiak'ny  niotiim 
picture-,  i-  the  invention  of  the  tlexililc 
lilin  nei;.iti\  e- ;  the  tr.aii-pareiit  <upport 
for  the  print  which  I'ennil-  the  j-ic 
litre-  to  he  proiected  in  enlarged  form 
upon  a  -crei  n  :  .and  ill"  -\-leni  of  liole- 
ip  the  iii.ar'Mn  of  the  Idiii  h\-  which  the 
lilni  i-  held  in  periect  .ili^^nnienl  for 
proiectiiiir    the    pictures. 

Hut  a  few  ye.ars  ai;o,  then,  th'  1110 
lion  picture  was  a  child's  toy.  I  o-day 
1'  forms  the  hasis  for  not  onlv  ;i  vcrv 
l:;r.i:e  .iiid  ]irolitahK'  hn-ine--  lor  111,111^ 
pmlile.  hut  a  -ource  oi  .min-eineiit 
;!nd  education  to  million-  of  ]ieople  at 
rea-i  in.dile  prices.  I  (i-da\  the  inotiou- 
iMcture  Im-iness  .'s  retjarded  .a-  one  of 
the    wiirTTs    greatest    indn-trie-. 

Xii  corner  of  the  world  i-  -o  f:ir 
remote  hut  the  motion-picture  man 
liiid-  hi-  w.i\  there,  either  as  ;iii  e\ 
hihilor  or  .1-  .1  producer,  Xothinu  li.ip 
!•'.!!-  in  tile  wofM  lo  da.v  hut  the  mo- 
tion-picture man  with  his  camer.i  i-  on 
the   joh   if   it    i-   .1    happening:   th.it    c.m 


1   i 


!    ' 
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■.iH, 


HOW   ikiAK  i>icriki;s  ari    madf- 


lir  |.r(-.tTvril  ill  motion  |iii.liiri>  .mil 
uorihy  oi  ih.ii.  riif  ilitliroiHiiicnt  ot 
kiii^-  .iiiil  ilu'  iii.iujiiir.itions  of  proi- 
iknls  .in-  all  aliki'  to  iiim.  If  tlu-ri' 
is  a  war,  lio  is  fomul  in  ail  |)a^t^  o: 
llif  liilil,  ami  is  tiu'  t'lrst  to  sec  tlu- 
para.lc  wluii  tlurr  is  a  pwiit.-  jiiljileo. 
I  )i-a-iiTs.  liririor^.  liiToi-s  ami  iritiii- 
iials  pass  luforc  Iii^  K-tis  anil  In-  jjives 
lis  a  inoviiii;  iianorama  of  cvcrN  iliiiii; 
that  i>  iiitiTistinj;.  in  nattirc.  in  r.-il 
lifi-.  .iihl   in   lii-tioTi 

Taking  Motion  Pictures  a  Simplf  Opei- 
atioii. 

Molioii  [.ictiirc  |iliotoj,'ra|,li\  is  nii'- 
clianually  miujiIc  and  the  project  ion 
of  tin-  pittun-s  on  the  screen  \v:i>  made 
jiossihle  liy  the  ini|irovement  in  dry 
plate-  whiili  made  instantaneous  pho- 
l(};rapliy  sueeessful.  together  with  the 
invention  of  the  |iroces>  of  iisini:  eel- 
hiloiij  lilni-  for  ne^'atives.  Motion 
pit-tures  consist  of  a  series  of  jihoto 
,1,'raplis  made  rapidly  and  then  jmi 
iteled  rapidly  on  tlie  screen  In  this 
uay  one  picture  follows  anotlur  -o 
i|liickly  that  the  chan.i;e  from  one  ]iic 
tlire  to  another  is  not  noticed  and  the 
nio\(nicnt-  anil  actions  of  the  persons 
or  Iliinys  photoijraphed  are  rrproilneed 
!n    1   liu-like  manner. 

Is  the  Hand  Quicker  Than  the  Eye? 

I  i  '  i>  i;"   '|iustinn    thai    llie   li;ind 

can  he  moxed  -o  i|nickly  that  the  e\e 
cannot  detect  the  movement.  Thi-  is 
proved  hy  the  motion  piilure  when 
projecled  on  the  screen.  In  nio\ini,' 
(lictures  the  iitiickness  of  the  machine 
deeeives  the  eye  and  the  transition 
from  oiu-  pietnre  to  another  is  done 
so  ra)iidly  that  the  chan.-e  is  not  seen 
and  the  apparent  movement  is  contiii- 
iKuts  and  nnhroken 

The  film  made  hy  the  motion  pii-tnre 
is  a  "negative"  in  which  the  coloi  s 
are  reversed,  the  Macks  hcins,'  white 
and  the  uhiti--  hiack,  exactlv  as  in  still 
pliotoi;raphy.  The  tilm  ii>^.m1  in  the  pro- 
jection m.achine  is  ;i  "•positixe,"  in 
which  the  lijjhts  and  shadows  have 
their  jiroper  vahies.  The  principle  and 
pr<K-ess  is  exactlv  the  same  as  in  mak- 


ing'   laiilern    shdis   and    window    trans 
p.irencies 

Dues  tliu  Film  Move  Continuously? 

In  makiii','  the  iiej,'ati\e  for  the  mo- 
lion  picture  the  lilni  does  not  move  for- 
ward regularly,  hut  it  ;;iks  hy  jumps. 
It  is  ahsolutely  still  at  the  nioinent  of 
ex])Osiire.  The  same  i-  uiu-  in  pro 
jictinj;  the  picture  on  the  serein.  In 
most  jirojection  machines  the  lilni  is 
-lationary  three  time-.  ;is  loiii;  ,is  it  is 
in  motion,  thoiiijh  in  some  machines 
the  proporlion  is  one  in  six.  In  the 
taking;  of  the  picture,  the  lilni  is  re.ilK 
stationary  oiie-h.ilf  of  the  time.  \s 
pictures  .are  u-nally  projected  at  the 
rate  of  fourteen  or  sixteen  to  the  min- 
ute, this  means  that  each  si-p,ir;ite  pic- 
ture .ippe.ars  on  the  screen  three- 
fourths  of  one-sixteenth  of  ,i  second. 
or  three-sixty-fourths  nf  ,i  second,  .md 

How  Are  Ficak   Pk  tuics  Made  ? 

h'reak  piclures  are  Usual!)  the  result 
"t  cle\er  manipulation  of  the  camera 
""  the  film.  .\rticles  m-  individuals 
c.Mi  he  m.adc  to  iiistaiitK  dis.ippcar  hy 
stopi)int;  the  camera  while  the  article 
\>  removed  or  the  person  v  ilk-  olf  the 
-t.itje.  the  other  characters  holdintj 
iheir  pose  until  the  c.imer.i  is  a.u'ain 
put  in  motion.  In  M.nie  films  in  wliich 
a  I'erson  is  tiirown  from  a  heis,dil  or 
!■;  appareiitlv  crushed  under  ,i  steam 
n.ller  the  effect  is  f^aiiled  hy  the  live 
person  walkin;;  away  .after  tiie  cimer.a 
is  stojiped  and  ;i  dummv  snlistitutcd 
to  imderjio  the  death  peii.iltv. 

Ily  projecliiii:  the  picture  at  a  f.ister 
r.ite  than  it  was  taken,  excniciatinijlv 
comic  scenes  are  sometimes  devi-ed 
.An  autoniohile  j,'oinjj  ten  miles  an  hour. 
h\  speedinj;  up  the  projection  machine, 
may  he  m.idc  to  app.irently  move  at  ;i 
hundred  miles  ;in  hour,  and  hv  incrcas- 
insjin  the  same  w.ay  the  .iiiivircnt  speed 
of  jiersnns  dodiTini,'  the  demoniac  auto 
exceedinulv  ludricrotis  effects  are  h,ir|. 
Ilv  inech.inic.al  me.aus  in  comhiniiii» 
wo  or  more  iietratives  into  one  positive 
n  man  can  l.'c  shown  feneiri!;  with  hitn- 
self  or  even  ciitttnt;  his  own  head  off. 


Pitlurc-  I,v  itjiirtesv  i  if  the  \'JNM„.r.ii.!i  (' 


MOW    RlBBilR   TIRES  ARF;   MAi)i; 


UA=11    Kuu.N 


The  Storv  in  a  Ball  of   Rubber 


How  CiiulH  Rubber  Is  Treated.  ;,-,„,  ;,  cracker,  a  niadiim'  con>isiin.i;  i.f 
ll'asliiiiii. — \\  lu'ii    the   crmlf    riiltber  iwn  rolls  with  ]iroji'i'ti(>iis  nil  tlioir  sur- 
al rivo    at    tlie    factory    uf    the    riil)l)cr  I'acos    shaiicil    like    little    pvramiils.   the 
niamilactiirer,  it  is  generally  stored  in  two  rolls  revoKiiiL;   with  a  dilTereiitial 


Inns  in  ilark  .'iml  fai'-lv  ciol  store- 
r>.cinis,  where  it  i--  kept  until  read)  to 
he  n~ed.  The  ruhher  ]>asses  directly 
l'r(Mn  the  stora,t,'e  bins  to  the  wash- 
room,   where    it    is   cut    it|)    into    sin.d" 


one  troinij  ci  nisuli-rahly  f.aster  than  the 
niher.  and  heini;  adjltstalile.  so  ih.il 
they  can  work  close  toj^'ether  or  with 
xiine  dist.mce  hetween  them.  The  rnh- 
her    is    ted    hetwecii    these    rolls    and 


lieces.  jiitt  into  larjje   vats  of   w.irmeil  limken    dnun    into     a     coarse,    spont^v 

water   .and    allowed    to    >nak.    in    order  ni.a--<.      W.iiir   (lows   •>»   to   t!ie   ruhher 

ti     soften    it    suftlcientlN     !■>    he    hruken  during;     ilie     jToces-;.     IirinL;in;4     down 

diiwn   in   the  ni;ichine^       It    i-   ihm    fed  -:,nd.    ijirl.    l>.irk.    .and    the    ni.ni\-    <ilher 


lALiM'l-K    ROOM. 

*Thc=^r  niv]  tVo  fnllowinc  Pictures  by  couric<v  ..f  -he  r,™,,K-e,:r  Tire  .nnl  Rnlilu-r  C 


I'wi  i*\Kri\(i  CRi  nr.  Ri  lifiiR  rok   M.\Ki\(i    i\u\ 


f'lri'iyn  iiciliTi.il-  wliuh  .  uhk'  mixed 
with  till-  nilil-cr.  I'Ik-  riiljlnT  is  jnil 
thnmyli  this  ni.iohiiu'  a  nmiihiT  of 
times,  tititil  it  is  worked  into  a  uniform 
condition.  Some  of  the  ruhhors,  hke 
tile  Tejlons  and  I'aras,  will  sheet  out 
into  a  Coarse  sheet  hy  heinjj  |int 
throti<,'h  this  machine;  others,  like  tiie 
majority  of  the  African  ruhhers.  will 
fall  apart  and  come  down  in  cliimks 
and  li;ive  to  he  fed  into  the  tn.irliiru' 
with  a   shovel. 

After  the  nihher  is  hrokeii  dnwn 
-nllicii'iitly  in  tlie  cracker,  it  is  next  put 
through  a  w.-ishinj;  machine,  which  is 
Iniilt  \ery  similar  to  the  crackinj,'  ma- 
chine. exce]it  that  the  rolls  are  j,'roo\<.l 
or  rifled,  so  that  their  action  is  imi 
so  severe  on  the  rnhher.  .\  Iarj;e  i|u.in 
tity  of  water  is  kept  constantl\  niii- 
iiini;  over  this  machine  while  the  rul)- 
Ix'r  is  hein^  jnit  thronj,'h,  and  the  mils 
work  very  close  tojjether.  m,  ihat  ih.- 
ndiher  is  finely  j,'roimd  aiiil  run  unt 
into  a  thin  and  comparativeh  -iiinntli 
^lieet.  allowinsj  the  water  Howiin,'  iie- 
Iwcen  the  rolls  to  lake  out  practicalh 
.dl  of  the  foreis;n  niatler  that  reni.iins. 
The  rnhluT  i- run  liironyh  tliis  machine 
a  niimlier  of  linu-  mitil  the  rN|nri- 
enced  inspeclor-  in  charge  an'  ^ali-tird 
that  it  i-  tl!iiniu.i;hly  ua-lud.  Senile 
ty])es  (if  ruliher.  -.ncli  a-  Maiiiclia. 
wliich  ha\e  lar.tje  i|nantitics  nf  --and 
in  them,  are  washed  in  a  --pecial  form 
of  washinsj  machine  known  a~  the 
lualcr  washer.  Tliis  i~  an  cndle-^. 
oval-shaped  tronijh  with  a  fast-revol\^ 
iiii,'  paddle-wheel.  In  this  m.irhino  tlir 
rnhlier  is  sul)merL;cd  in  w.itir.  after 
iKini;  hroken  down  in  the  cracker,  .ind 
the  s;ind  is  literally  knockeej  out  of  it 
h\  the  pa<ldle-whei'l.  The  s;uid  .hops 
t'l  the  hottoni  of  the  machine,  where 
i*  is  drained  ofi'.  while  the  ruhlier  tlo.its 
t)  the  top  and  is  there  ),'athered  and 
then  put  through  .1  remilar  washiip.: 
machine    for   the    I'ni.d    -heetinvr   onl 

Pryiiui. — I'roni  the  wash-room  ihe 
niiiher  1,'oes  to  the  drv-rnnni.  I'.ef.re 
the  rnhher  can  he  used  in  an\  .article-. 
nf  commercial  value,  it  nuist  he  ilior- 
f)n,i,'hly  dri.-d.  .is  .any  moisture  in  the 
stock  would  turn  to  steam  dnriin,'  the 
vulcanizing  jiroccss  and  cause   blisters 


oi  Mow  holts  lo  ;,,rin  111  il,,  -,,o.ls 
1  here  are  two  ways  in  which  rnhher 
i-  usually  dried.  The  method  mostly 
Used,  and  which  is  <,'enerally  i)racticed 
with  all  the  better  grades  of  ^\\m-.  is 
to  li.ni!,'  the  washed  strijis  on  hori- 
/oTitai  poles  and  space  them  in  aisles, 
so  that  air  can  freely  circulate  all 
aroimd  the  surface  of  the  ruhher,  the 
dry-room  heinj;  kept  at  a  const.int  tem- 
I'erature.  To  ])roi)erIy  <lry  the  ruhhers 
l)\  this  meiho.j  takes  from  four  to  six 
weeks.  The  other  method  of  (ir\in'_'  is 
h\  means  of  ,1  vacuum-drier.  I.ow- 
ur.ade  riiMiers  which  h.ave  a  comp.ira- 
li\t'I\  i.ii;.;e  ]iercemaj,'e  of  resin  in  their 
composition  cannot  he.ir  their  own 
weight  when  liunjj  on  horizontal  poles, 
hut  drop  o(T  and  stick  in  piles  ,,11  the 
lioor.  Hence,  these  ruhhers  have  to 
iie  dried  in  a  peculiar  manner.  Thcv 
are  kiid  in  trays  which  are  pl.iced  into 
a  large  air-ti,s;ht  receiil.icle.  'ihe  air 
i-  then  withdrawn  from  this  receptacle 
Hid  till'  interior  heated  h\  nu'ans  of 
-'i.iin  coils.  'I'his  allows  tin-  water 
to  lie  e\.iporaled  off  from  the  rnhher 
at  ,1  coiisiderahly  lower  teinper.alnrc 
ll  an  that  .at  which  water  hoils  midiT 
.itniospli,  ric  pr-ssure.  ,and  .at  sueh  a 
low  leiiiper.itnie.  ami  in  such  a  s|,i,rt 
fine  th.at  the  rnhher  is  t„,t  affected. 
I'y  I  Ills  prma-ss  these  ruhhers  can  ho 
driecl   in   ;i    few   hours. 

.1/m-!i?./.— After  the  ruhher  has  heen 
thoroiiu'hl>  drie.l,  it  is  ready  to  he 
nii\e,l  111  proper  proportions  with  the 
\ariotis  in-redients  which  are  tised  in 
rnl.:.,r  coinpoiin.lMi--.  to  jjive  the  de- 
sired <|uality  of  nihhers  for  the  various 
pni.hiels  for  which  they  are  intended, 
in  order  tli.it  rnhher  shall  vulcanize,  it 
1-.  necess.iry  to  mix  with  it  a  certain 
proportion  of  sttlphnr.  \iilcanizing,  or 
ci;rin<j.  as  it  is  sometimes  called,  iieing 
merely  the  ch.inging  of  a  phvsical  mix- 
ture of  rtihher  .and  siil|,Iii,r  into  a 
clieniii.il  lonipound  of  tliese  ingredi- 
ents, hy  the  application  of  heat.  lie- 
sides  sulphur,  some  of  the  more  im- 
port.int  ingredients  used  in  coiuponnd- 
ini;   ruhher   are: 

//lie  nxul,'. —  This  tougluns  tlie  ruh- 
her ,ind  ir.creases  its  wearing  ['rupcr- 
ties  and  tensile  strength. 


WHY  \VF.  DON'T  USE  PLRH  Rl  lUUlR 


;>,'• 


luiiliini  siilfh,:!,-.  I  lu.s  >!iH(ih  tlir 
ii'Mur   ;mil    .I'Ms    wi-iKlit,    so    rr.lnrmjf 

\]!r    i-c)-t. 

Litlii>/',iiu-s.-'\'\u^  uint(.ii-.  til.  -1(1.  k 
.mil  makes  it  s.ii't.  ami  is  um.I  cMcti- 
-•vi'ly  ill  ilni;,'jji>lN'  Miii.lriis 

.liiltiiioiiy  sulfliiilc.  [h\~.  inak.s  tin- 
-li)i-k  ri'.l  aii.l  i-~  a  |i' i--fi\aii\r  against 
iixiilatiim. 

/.;//i(jn/.-.  — Tlii.  Iia-  tin-  -aiiu'  aitioii 
a>  aiitiniiiiiy  siil;ilii.lt\  hut  ,  i.ik.-  tlu' 
Mo,k  l)latk. 

iriiilr  /<•■/(/.  llii-.  lia^Kii--  i!\.-  Hire 
ami  is  i'xuii-n.l\  usc.l  in  jjrav  an. I 
Mack  stock'-.  ,inil  i-  a  i^iiinl  tllj.r  nr 
uiiijiit   adder. 

Miiijncsni     oxulr     .nul     ,  ,:>i'iiiuit,-. 
riiosi-    an-    ii-cl    ,1-    lill.r-.     l.ir    wiiUc 
>tocks. 

Oxide  t'f  iron. — L'st'd  l. .r  .ifliinui; 
red  and  yellow  stocks. 

I.'nnc  I  lin>l.ukei!  I.  -I'lii-  lia-t.Mi- 
vulcanization  .in.l  ilieiiiic.[IK  r.ni.iM- 
aiiy   water  left   in   the   riihh.r. 

U'lliliilii. — This  i>  u-ed  only  as  a 
.he.!],  liller  to  incr.a-i'  .|n.iiiin\  .iml 
I.  wer  .-o-l. 

AluiniiiHiH  silictt,-.  lin-  i-  n-,-,1 
.  hietlv  .•!<  .-1  liller. 

I  here  are  al-o  ii>ei|  in  coni|)Oiin.lini,' 
'.\  li.it  are  known  ,is  the  v.irioii-  -nh 
>litutes.  'I  lie-(.  ,,r.-  ,  liiell\  liiisceil  oil 
pvo.jucts  and  miiur.d  li\i!ro.-,irh.  m- 
which  are  mote  of  le--  el.i-ti.-,  .•iml  .act 
-"iiu-wh.it  a>  a  thix. 


Why  Don't  We  Use  Pure  Rubber? 

Ili.l'e  -.  .Ill-  to  la-  .a  L^.'tler.'il  illl|ire-— 
>ioil  th.it  ill.'  \.irioii-  iie.;feilient-  which 
.are  mixed  \vitli  riiMuT  .ir.'  |iiii  int.". 
the  componmN  mere!',  to  cliea]ien  the 
iifoiluct  .an. I  to  lower  the  ijra.le  .if  tlu' 
ni.itiri.il.  Thi-  i^  iriie  in  in;iin  cases, 
siich  :is  the  uitieial  line  of  in..lded 
l;oiii!s.  riihher  lieels.  lii.wile  ,i,'ri|is.  aii- 
loniohile  hniniiers,  etc.,  hut  in  mam- 
cases,    siuh    .IS    tires,    packing,    helting. 


' '^  .  ih.s,-  inL;reiheiils  .are  ad.le.l  [.) 
tiiiiLihen  the  i.,'uni,  increase  its  weariiij,' 
'I'l'i'"!'-.  lo  lii.ike  it  indestructihle 
whin  snhi.'.l.d  to  li..it,  i.r  to  m.ake  it 
soft  and  \i.ldniL;  -,,  ihit  Jt  c.iii  he 
torced    into    f.ihri.-,   .  t.-. 

in    the   i.;eneral    jir.icess   of    m.iillifac- 
tiire     the     s|ieet\'d     ridiher    is     sfn'     .li- 

r.  .tl)     frimi    th.    dr\    r n   to   the   coiii- 

pmind-rooni.  w'i.i\.  tli.  \arioiis  ingre- 
dients are  w.i-lud  out  into  proper 
proportions  .doni,'  with  tin-  riihher  to 
ni.ike  lip  ,1  JMt.  h.  ;iiid  pl.aced  in  receii- 
iiel.  -  r.M  ly  til  he  mixed,  The  h.atch 
Is  llu-n  sent  i.il.i  tin-  niill  rn,,ni  to  he 
'iiix.d  into  ;i  nniforni  I'.'iMy  in.as-. 
which  is  the  .•li.ir.u'teristlc  niuaired.  ..r 
si.-cdli-d  Ltri.ri.  nihh.r  .'.  unponn.l.  The 
mixniL,'  is  done  in  th,-  mill.  This  is  ■, 
MT\  he:i\y  in.ichnu-.  c.  uistrihi.d  sinii 
1.  rl\  to  ,1  cr.icL.'r  ,ind  ,i  washer  ixcept 
that  it  is  nuuh  kari^er  aii.l  heavier,  and 
the  rolls  ar,.  p.rf.vtly  smooth  .and  run 

'loser  too,.th,T,  .\o  w.iter  ,it  .ill  is 
ii-ed  on  the  hat.'h  ilnrn).,'  the  iniMnL; 
I  here  .are  stcmi  and  coM  \\.it.-r  .on 
iir.-li.ins  t.i  the  mills  whii'li  .are  .ain- 
iiei'te.l  witli  holl.iw-  s[,;i,-,.s  in-jile  the 
i-olls.  s,,  th.at  the  l.itt.T  can  he  k.'pt  .at 
any  temp.Tatiire  .l.'sjred.     Th.'  ^.auT.d 

lir.icess    i,f    mixiiiL,'    is    ;i-     f,.ilMU  -  ; 

i-'irst  th.-  rnhlirr  pnrtinn  of  th.'  h.it.h 
I  ■  thrown  into  th;.  null  .and  is  work.-il 
and  warm.'d  up  until  it  t.tkes  on  a 
viTy  sii.ky  .and  plusiij-  ,  ..nsisteiicv. 
\\ '-'11  it  li;is  .-irrixcd  ,it  .a  cerl;iiii  -^ta.u'e 
"t  pl.i«ticily,  t'.-e  v.irions  coinpiinn.l  -  in 
lla-  li.atfh.  whi.-h  are  :il\\:ns  i'l  ih.> 
torni  ,.f  \-,'-y  tin.'  p.iwd.-rs.  ,-ir.-  thrown 
T  til.-  mill.  heiiiL,'  uork.'d  li\  the  rolls 
i'M.i  the  rnliher.  Ilie  coir.iioun.ls  are 
Uen.'r.dly  thrown  on,  .-|  .^m.-dl  amount 
•It  :i  time,  until  tluv  .-ire  .ill  l.dM'ii  up 
li\  the  ruhher.  Tlu'  lutdi  is  iJun  ,d- 
low.'il  to  t;o  thnni-h  ,ind  throii-h  the 
mdl.  over  ami  over  .a-.-iin,  until  tlu- 
mixture  is  .-ihsolutelv  nnif.irm  tlir.ini;h- 
I'lit  the  wlmle  m.-iss.'  Th,-  c.tisi.t.-i'i.-v 
ot  the  nihln-r.  .lurin.;  this  oper.ition.  is 
such  th.it  the  h.itcli  c.-ni  h,'  in.i.I.-  ,'i'id- 
less    ,-iroun.l    .me    ..f    the    r.ilK    ,,f    ih,- 

mill.        so       tll,-!t        il        is       .-,,. I.:.;, ,,;!..         .';.,.;!;;,:; 

itself   hetwcen    tlu-   rolls, 

-Uter    the    h.itcli    is    jimperlv    mixed, 
it    IS   cut    .)fi'    the    roils    in    shr.ts    and 


i  1 
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stori-nmiii.  Ill  tlii<i  stnre-rooiii  tlic 
coniiMiuiiik'il.  nmnri'il  nums  an-  ki'iit 
ill  (lit'tVrriit  liiii".  acconlitiK  ti>  tin-  iia- 
tiT''  of  tlir  ii)ini><iiiiiil.  aiiil  ari.'  thiTe 
allriwcil  I'l  ^(.M'^nii  a  riTtaiii  U-i!j;tli  of 
tinif.  after  wliicli  tluy  arc  (U'liveri-il 
ti'  till'  varidiis  (li'|iartim-iits  nf  tin-  fac- 
turv  in  wliirh  tlifv  arc  }:<)iiij;  to  l)c 
usimI. 

AnottiiT  form  in  wliii-h  rutihcr  is 
u>ii(l  is  tlu'  so-oalli'il  KuliliiT-C'i-mciit. 
kuliliir  nr  any  of  its  i-oini>oiiinls  art- 
nadilv  M)lnl)le  in  najilnlia.  In  this 
])roci'>s.  till'  i-oni|)onn(ls,  aftiT  lii'iii}^ 
nnlk<l.  arc  clu'wi'd  mi  anil  washid  in 
s])iiially  i-onstrncti-d  icnuMit-niills  anil 
tlurr  niixiil  witli  a  ciTtain  jii^oiiortion 
III'  naplillia  wliicli  jjivfs  a  thick  solu- 
tion. 

Sfrt-iuliiiii  iiiiil  iUili-iiiit-riiui. — KnUlK'r 
whiih  is  UMil  for  tin-  ^iMural  lint;  of 
nmlili'd  gooils.  solid  tirvs,  M)tni'  kinds 
of  tiihini;.  I'tc.  j,'oos  <liri'itly  to  the 
various  dopartnicnts  from  the  jjroi'u- 
stock  stori'-room.  whili-  ruMuT  usfd 
for  hoots  and  shoi-s.  watirproof  fah- 
rics.  nianv  of  tin-  druijirists'  ;.undric>;, 
hi'ltiiiL'.  imi'uniatic  tires,  inner  tuhi-s. 
tto..  iias  to  he  >heeted  out,  and  some 
of  it  foreeil  into  fahric  hefore  it  jjoes 
to  the  various  de]>artnients.  This 
slu'elintr-out  of  the  },nim.  as  well  as 
ai'iihini,'  the  ruhher  to  fahrics,  is  done 
jreneValK  hv  two  niethfxls ;  either  hy 
s]iri;plini,'  .i  -ohuinn  of  the  ruhher  and 
na|ihlha  onto  the  frdirie,  or  hy  eal- 
enilerinir  the  ruhher  helween  heavy 
rnlK  in   a  ruhlxT  o.alender. 

In  the  ^iireailinj;  jiroces-,  a  maeliiiie 
i.-lled  a  ^]ireader  is  u-<m1,  Tiie  falirie 
to  whieh  the  ruhher  is  to  he  avi'heil 
i-  mounted  in  a  roll  at  one  end  of  the 
sl.rea.ler  an<l  from  the  roll  passes 
thrnm^h  a  tmuiih  of  ruhher-eement. 
and  then  V]i  over  a  so-ealled  doetor 
roll,  and  mider  a  knife  ed^e.  whieh 
allows  i.nl>  enough  eeim-nt  to  pas'; 
tl  n.nyh  to  fill  the  jiores  of  the  fahrie. 
h'rom  this  knife  tlie  eemented  fahrie 
Ii;;ss(.s  over  a  stoani  ilryinj;  ehest  and 
i ;  th.i'i  roll<  d  up  with  a  roll  of  liner 
elolh  to  prevent  its  stiekin^  together. 
I'ahrie  treated  in  this  manner  must  he 


I  in  ihroujjii  the  spreader  a  niimher  of 
times  hefore  it  lias  siilVicient  ruhher  on 
it  to  1h'  used  in  the  produet>  for  v.hieh 
it  is  intended. 

P'or   e.ilenderinj.;    ruhher,   a    macltine 
called  a  ruhher  calender  is  used.    This 
machine  is  maile  with  three  and  some- 
times four  heavy  rolls,  which  are  capa- 
hie  of  ver_\   line  adjustment.      The  ruh- 
her from  the  j;reen-stoek  store-room  is 
first  warmed  uj)  on  a  small  mixiiii;  luill 
and    is   then    fed   hetween    the    rolls   of 
the  calender,  comini;  throufih  in  a  thin 
sheet     of    rei|uired     thickness,    and     is 
wound    up    in    a    liner   cloth    and    seni 
ilirectly    to    tlu'   deiiartments.    where   il 
is  Used   for  inner  tuhes,  ilruii^ists"  sun 
dries,  etc..  where  only   ruhher  and  no 
f.ihric   is   used.      Where   the    ruhher   i- 
t<i   he  applie<l   to   fahric,  the    fahric   i- 
put  tlirou.i;h  the  calender  rolls  with  the 
ruhher,     and     the     rnhlHr     is     literalh 
).;round  into  the  fahnc.     I'.iliric  treated 
in   this   manner   is   known   to   the  tradr 
;is  friction,  ami  is  miuTally  used  in  the 
m.imifacture  of   pneumatic   tires,  helt 
injj,   hosi-.  ttc.      i"or   hoots,   shoes,  and 
other  s|iecial   work,  calenders  ;ire  »:'■] 
\>  Inch  are  e(|ui|iped  with  rolls  cn-^'ravi  '. 
with  the  shajies  of  the  soles  .mil  other 
parts    of    the    articles    in    i|Uestii)n.    su 
that   the  slu'et  of   ruhher  coinini;   from 
the    m.achine    has    im|irinteil    on    it    the 
sha]ies    and    thickness    of    the    articles 
for  which  it  is  intended. 

.\fter  iKissiii).;  throuj,'h  such  of  the 
ahove  processes  as  arc  rei|uireil  the 
rnhher  is  ready  t<)  he  made  up  into 
the  N.irious  articles  known  to  the  ruh- 
her trade,  such  as  hoots  .and  shoes, 
mackintoshes,  waterjiroof  f.ahrics,  for 
lialloons,  aeroplanes,  tentinu's,  etc.,  me- 
chanical fjooils,  such  as  ruhher  heels, 
horseshoe  jiads.  ji.ickint;,  tiliiit;.  auto- 
mohile  ami  other  hum])crs.  .artilicial 
lish  hait,  etc.,  druf;i;ists'  sundries,  sm-h 
.IS  nursinjj-hottles,  nipjiles,  syrinjies. 
hulhs.  hot-water  hottles.  tuhinji.  etc. 
tohacco  pouches,  ruhher  heltins,'.  .ijolf 
.ind  other  halls,  insnl.ated  wire,  tire  and 
;,'arden  iiosc.  inner  tuhes,  tires,  .and  the 
iM.un  Mill,  i-  ,  ..liiniiiditit  s  inio  the  in.an- 
nfacture  of  which  ruhher  enters. 


HOW    AIT()M()I5II.I      riRIS    \U\     M  XDI 
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How  Are   Automobile  Tires  Made  f 

I-  iiini  llu-  1  all  ii'ln  rii.nn  ui  liu-  ruli- 
lirr  l:iitiir\  Ilic  stoik  is  nxcivcil  in 
tlir  :intiiiii()t)ilf  tire  <k-|i;irtiiiciit.  in  tin- 
I'linii  III  larj,'c  rolN  nt  rnlilior-cnatfil 
ialirii .  aiiil  in  rnil-  oi'  >lict'U'il  nililior 
(it   variou-  thukiu-^^is  anij  wiijlli^     The 


(.line  St)  arran;,'c(l  as  to  ht-  always  set 
at  45  (U'Krirs  with  the  ciIrc  of  the 
laltle.  This  nictliod  of  ciittiiijf  is  prad- 
iially  heiiifj  put  aside  In  tiie  use  of  the 
hias  eutler.  an  extremely  up-to-date 
maehiiie  iiavini;  jaws  whit-h  ride  u]i  to 
llie   end   of    ihi     falinr   and    |.iill    u    I'm 


IKXIMNi.     KiiiiM 


nilihcr-cnnted  fahrir  i-  lir-t  cm  into 
-trips  (if  iiniper  width--  -u  that  the 
edt;es  \m11  extend  fiuni  head  to  head 
(i\(.T  the  eriiwn  of  the  tnr.  I  liese 
strips  are  alwax-^  eiit  on  the  hia-.  .i;en- 
erally  at  a  43-iK  Lli'ce  anL,de.  with  tlie 
(■ilt,'e  ol  the  riih,  and  were  funnerlv 
ah  iitt  on  a  i'nttinL,'-tahle,  a  lahle 
ahmit  51)  tret  loiii;  and  ii  fert  wide, 
iiivered  with  -!u  rt  iiutal.  The  emtini,' 
wa--  done  hv  two  nun,  caih  ha\in.<,'  a 
Isnife  and  cai  h  enttiiii;  hali-wav  aeross 
the  eliith  alonij  the  v\'^v  of  a  -^trai^ht- 


a  eertain  distaiue  under  a  Ktiife  set  at 
a  43-def,'ree  aii,i,de.  tile  knife  heiii^  -et 
to  eiit  just  when  the  jaws  have  arrived 
at  the  limit  of  their  motion,  'idie  ae 
tioii  is  repeated  -o  iliat  the  niaeliine 
etits  ahoiit  eii^iity  strijis  a  iiiinute.  ri..--e 
striji-  are  fed  ouUi  a  series  of  liehs 
which  earr\  them  to  \\liere  they  are 
plai'ed,  hy  liii\-.  mio  a  liook  having  a 
leal  ot  loninion  cloth  hetween  c'aeh 
-trip  (It  L;um  fahric.  to  )ire\ent  the 
strips   from   sticking  together. 

The  majorite  of  atitoinohdi-  tire--  to- 
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HOW     I  Ml      \Ul.\D   OF   A    TIRH    IS   MADF 
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ii,i_\  ,ir<.-  m.nniin-  imili.  Inn  liiin-  .ire 
still  ;i  K^c-.n  many  Imilt  l)y  liainl  itul 
iliis  is  the  process  wt-  shall  'k-Hnlio 
iirst.  In  this  priKTi'ss  the  lKM)ks  of 
lalirio  arc  laid  up  and  spliord  into 
projiiT  U•n^;tll^  to  >jo  aronnd  tlu-  tiri- 
an<l  allow  -i  projuT  lapping  for  tlu- 
^plii-i's.  'Ilii'  proper  ntnnlH-r  of  tlu'so 
laid-iip  piivi-*.  or  plios,  as  tlicy  aro 
>alk'd,  ari'  placi-d  tom'tlior  with  i-otton 

loth  iK'twi-i-n  and  taken  to  tlio  tire 
i.rildiT.     Thi'   tire  huilder  mounts   the 

■ri .  upon  wliiih  the  tire  is  to  he  hnilt. 
-I,  the  Iniililint;  stand,  k"-'" orally  cc- 
iiK-n  'Hi;  it  so  that  the  I'lr^t  ]ily  of  fah- 
I'.'  will  --tick  in  pl.-n-f       Thr  t'r-t  i^K    i-; 


i~  pi.iMM  in  the  so-ealled  tire-hmldnn; 
inaihuie.  1  he  tire  core  is  mounted  mi 
a  stand  attached  to  the  machine,  so 
that  it  can  he  revolved  h\  power,  and 
the  fahric  is  drawn  onto  the  core 
from  the  spindle  .  ider  a  certain  defi- 
nite tension.  The  tire-machines  roll 
the  fahric  dovvn  hy  power,  and  the 
lieails  are  put  iiUo  pl.tce  hefore  the 
tire  and  core  are  removed  from  the 
Thereafter  the  process  is  the 
in  the  case  of  the  hand-lniilt 


machine 
>ame  as 
tires. 

.\fter 
the  tire 
:i,>I.!ird 


the  cover   ruhher   is    in   jilace 
is    ready    to    have    the    tread 

I'lif   tread   is   m;ide   up   inde 


rKhAl.i    l.A\  l.NLi    I;CHIM. 


tlien  stretchcil  onto  the  core  and 
■<l>licecl,  rollecl  down  with  p  hand  roller 
onto  the  si<les  of  the  core,  and  trun- 
incd  with  a  knife  at  the  hase.  The 
fdllowin;;  plies  are  jiut  on  and  rulkd 
li'wn  in  the  same  manner,  the  head-- 
I'vtns  put  in  at  the  projjcr  time,  ac- 
ii'rdiuK  to  the  size  and  the  numher  of 
plies  to  he  used.  After  all  the  plies 
li.ive  heen  ]iut  niuo  the  core  the  so- 
called  cover  ruhher  is  put  on.  This 
■  over  ruhher  is  jjenerally  a  sheet  of 
niMi.r  ahout  one-sixicenth  of  an  inch 
ilii'k  or  more.  an<l  of  the  same  coin- 
p'-nii'l  a^  ll!c  ruiiher  on   the   fahric. 

In  the  case  of  the  machine-huilt  tire. 
till  It  suit  is  the  same,  hut  the  stock 
1^  ii. muled  as  follows;  .Xfler  tiie  rub- 
!per-coated  fahric  has  been  cut  on  the 
Ii-.is  cutter,  the  strips  are  spliced  and 
iiilicl    lip   in    rolls  on   a   spindle   which 


pcndcnth  of  the  tire  h\-  layine;  up  nar 
ii'U  strips  of  ruhher.  in  different 
widths,  in  such  ;i  way  that  the  center 
I  if  the  treail  is  thicker  than  the  edfjes. 
In  the  case  of  ihc  ~ii ciHcl  >injjle-curo 
tires,  which  are  wholly  \ulcanized  at 
one  tii.'e,  this  tread  is  applied  to  the 
tire  directly  after  the  cover,  a  strip  of 
fahric  called  ih<  hreaker-strip  tjener- 
ally  heiiitj  place<l  underneath,  and  the 
huildinj;  of  the  tire  so  completed. 

In  the  jicnerat  method  of  curiiii,'.  the 
lire  i~  allowed  to  reniain  on  the  core, 
.ind  is  either  holteil  up  in  a  hkiM  .ind 
put  into  an  ordinary  heater,  or  it  is 
laid  in  a  mold  ;iiid  piii  into  a  heater 
press,  where  the  hydniulic  iiressnre 
keeps  the  two  ii.iives  (it  the  mold 
forced  together  dnrini;  the  vulcmizini,' 
prru'ess.  After  the  vnlcanizinR  is  com- 
pleteil.    the    tire    is    rciiKucil    fmni    the 
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111!  iM.         tlil  lli-i.il.  I-         I'.llilll.-     .  >S   illl         .. 

I'mkli  talc  iiiixturo,  tlu  tiro  iiis])e(.-ti'il 
.Liiil  (liaiU'd,  aii<l  s<i  made  ready  for 
ll.c  niarkfl.  In  some  luelhods  of  eiir- 
iiiU.  instead  of  tlie  tire  l)ein);  put  in 
,1  mold,  it  is  ])Ut  into  a  so-ealled  toe- 
rniild,  which  is  virtnallv  a  |)air  of  side 
llanjjes  oidy  reachinj;  up  as  higll  rs 
llie  edges  of  thi'  tread  on  the  ^ide  of 
the  tire.  After  the  tlanj,'es  are  fas'.ened 
into  place,  the  whole  is  cross-wrapjieil, 
ilu-  rross-wrappinij  coniitifj  in  direct 
i-onlaci  ..itii  the  tread.  The  tire  in 
thi--  condition  is  then  ptlt  intn  tile 
heatir  and  vulcanized,  givint;  the  so- 
called    \\ri]ipe'    tread    tire.      Still    an- 


...■•!  lu.^i  wide  cnimyli  to  niakt  a  tnln' 
of  proper  cross-section  (liameter  whrii 
the  two  lonjj  ed(,'e-  are  folded  over  nid 
lastened  loi^etluT  with  rnhher  ii'inenl 
These  two  Innt;  ecl<;es  are  cut  on  ,i 
hevel  so  thai  the\  make  a  ijood  l.ip 
Seam.  The  tnlie  i>  llien  pnlled  (uer 
a  mandrel  ni  pn.per  --i/.e  and  a  tlnn 
piece  ol  wet  cloth  rolled  around  it. 
and  tlun  it  i->  spirally  cross-wnqiped 
with  ;i  long,  n.arrow  piece  of  wet  duck 
for  its  entire  Knirtli  The  whole  i- 
tlieti  put  iiUo  .1  rri;nlar  lu'ater  and  the 
Hihe  \nlcani/ed.  \flrr  \  nlcini/inL;  the 
wrappint;  i~  removed  an.l  the  luhe 
^tripped     M-oin     the     ni.mdrel.     turning,' 
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other  form  of  curin;;  is  to  inflate  a 
knid  of  c,inv:is  inner  luhe  inside  the 
t:re  and  i)l;ice  the  whole  in  .i  mold, 
I  Ins    is    known    as    the    air-bag    mold 

process. 

How  Are  Inner  Tubes  Made ; 

lii.ier  tnhe>  lor  pneumatic  tire^  may 
he  classed  miiler  three  headings,  ,ac- 
cortlini:  to  the  methods  used  itt  their 
'nanu'actnre,  viz..  seamed  tuhe>.  rolled 
tnhes,  ai.il  ttihe-m.ichine  tubes  \',\  f;ir 
the  greatir  number  of  tubes  eonie 
under  the  lirst  two  headings.  I'or 
eame(l  tube>?  the  rubber  is  t.ikeii  from 
the  calender  in  liie  form  of  sheets 
from  one-sixteenth  to  three-sixteenths 
iif  .01  inih  :n  thickne>>.  These  shoci^ 
are    cut    itUo    strips   of    proper   length 


the  tube  inside  nut.  so  that  the  smooth 
-idr  which  1--  \nlc.amze(l  next  to  the 
manilrel  ai)pe;ir-  outride,  .nul  the 
rough  side  sho\'.  mil;  ihe  marks  of  the 
eross-wra]ipnig  i^  in--i'li',  Ihe  valve 
hole  IS  then  pniniud  m  the  tube,  the 
vahc  inserted  and  ihr  open  eniU  "i 
the  tube  Imtfed  .liiwn  to  a  fe.ithcr 
eilge.  rile  tube  in  tlii-~  ^I.itt'  pa'-'^es 
to  the  >plicer.s,  who  cement  the  bulted 
ends  and  splice  them  together,  |il,icing 
one  open  end  within  the  other,  making 
.1  la])ped  -earn  .imnnd  the  tube  aboul 
_■'...  incite--  I'iiil;  Ihe  i  eiiient  n^ed  in 
splicing  is  miur.dU  cnn-d  bv  an  .n  i(l 
which  chemically  vulc;ini/e-.  the  rubber 
without  the  .application  of  be.it  The 
iuhc  i-  ihns  innshcd  arid  ready  :-y.  i!;c 
m.irket      Ro.'.d  tubes  are  made   from 


WHAT  RUBBER   IS 


:is.-, 


WKAI'I'IM.     KIIUM — I'NKiM  vrii 


\(T\    lliin   -lurt    rulilur  li\    njlliiiL;   --anu-  trir-    -Innv-    llial    ilir    nali\c--    iia'l    uscil 

"Mr    a    iiiaii'lrrl    'ii     |ii'ciinr    --i/i'.    until  \ariiins    artirlc^.     ^lu'h     a>     rcrrptaclc--. 

tlir   vciniiVfii   niiiiilur  1)1    layrr-  nt    tliin  lic~.  chilis,  rtc.  niailr   I'mni  nihluT,  lull 

niliJHi-   iia\c   liiin   nillnl   (in   Ici  L;i\r   llic  il   wa^  iinl    iiiilil  alimil    17,^5  lliat   rulilii'T 

li'lir    tin-   .!i~!i-((|    tiiii'kiu'--.      Tlu-    tulif  \\a-   lir-t    iiitn  h1u<ci|    n;i(i    l''.ur(i]n'.      In 

1^  llu-ti   w  1- i|i|'c  I.  cnrni  ami   ^|ilii-rcl.  in  1  i\ilizatiiiii    rnlilirr    wa-    lir<t    n-cd    for 

1'xai.tly   the   >ann    inaniur  a^  a   -raiucl  ixiu-il  cra^cr^  ami   in   w  alrr|iniui'  ilnlli. 

inlie.  and    linalK     in    (.munt-        \  iik'aili/ini;, 

nr  ilu-  cuniiL;   nt    rnlilur,   was   not  ('is- 

Wliat  Is  Rubber?      '  iuvitimI   until    iS4,(.  an.l   llirrral'trr  the 

(  ru'ii    rnlil'iT  i^  a   \ci;rtaliK-  iirdiluct  'lrvrl(i[iiin-nl     (if     the     ruhlier     in(hl>try 

1:  atluiail    I'nun  .Tnani   -]n(H'~  of  tree^,  \',a-     xaTV     raiii'l,    e>]'C(,-iall\-     in     (  ircat 

~hriili^,  viiu^  and  rd.it^.      ll-~  charaetrr-  I'ritain. 

i^lii-     id-iiiliarilii,'^     wari.'     earlx      rccdi,'-  I'licrr  ari'  nian\-  KiiiiN  an(l  grades  (if 

ni/cd    li\'    the    nati\t~    ot     tlk'    tiaipieal  nilihir.    and    t(i-(la\     the-e    can    he    <li- 

e(nin!rie>  m  whirii  it  i>   loniid.   i\(.'e(ird<  \'ded   into  twd  cliii.  i'   ela^<es.   wild   and 

dt   the  eafh( -t   mmv'Iiv-;   in   thc-e  Cdtin-  enlli\  ateil. 
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HOW    THE    CRLDt  RUBBER   IS   SECLRED 


(Vitlu'ritij;  Riililicr  in  South  ATicric 


1.  'r;:ppinK  Axi-.     2.    Tin  C'up  ti>  Oiti'li  Ihc  Riibbor 
Milk.     3.  Till-  Mi);iiitiiti>;  of  ;i  Rulilur  "  Ui'-cuit." 
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1  .ippiiii;  llie  Tii:l-.->  Hi  Japun 


H'lW  ;liL'  Kuliliir  Uooks  when  it 
COMICS  ti»  Market. 


CiiiTviiij;  li.iiN  'iT  iriiili'  Rubber 
MakiiiH  Balls  of  Cru.lc  Rubber.  to  Native  Market. 

Picmrc;  lirrcvvith  by  courtesy  of  The  B.  F.  (".■.odrich  C"onip,.ny,  Ltd. 


WHERE   RUBBER    COMES   FROM 
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What  Is  Wild  Rubber? 

I  111-  iir-t  I  la>-.  (ir  wild  nihlicrs,  arc 
ii'llnUil  iniiii  tr(.i.-~  wliiclj  have  grown 
\m1i1    aiiil    wluri.'    no    cultivation    proo- 

c  --1  ~        \\  liat-niAiT        lll\r       lll'lMl       liM'd. 

I  ln'-r    rnlilicr-pniilui  iiii;    trfi>,    -lirnli<. 
iti.,    .Ill,-     i.niii.l     niu^tly    HI     Xdiiln-rn 

Snntli      Ainvriia.      (i.-nlral      Ainvriia, 

Mi-\i(.(..  Crnlral   Africa  and   lidrnco. 
I  lie    linv^t    ruiilirr    in    tlic    u,,rld    i^ 

linr  I'ara.  and  i^  ,i;alluTrcl  in  the  \ni,i 
/liii  iTLiMin^  iii  Snnlh  \nuT'--a.  I  hi< 
rahhir  lia>  hrrn  yatln  :  '  in  |praitically 
tlu-  saiiic  \\ay  for  n\c.  -cntnrx  ili'c 
native'-  ^o  unl  int"  Ihi'  lore-l-  and. 
-ilntinL,  a  rnhlirr  trrr,  rut  "\  "--liaped 
~i""\<-  in  ihr  hark  wuh  a  -fecial 
hnile  made  t'nr  the  purpose,  tlu-so 
i;r(Mi\a>  heinu  cut  in  herriiiL;  hone 
f/ishion  dia.i,'onall\  around  the  tri'e. 
\\ith  oni'  main  uioom-  cut  \erticall\ 
down  ihr  criuer  hke  the  m,  m  \eni  u) 
a  !(ai.  i'he  latex,  or  mdkdl,^^•  li.|nid. 
oi  lla'  tree,  t  r.  .m  which  the  ruhhiT  i^ 
t:d-.cu.  llow-  from  the-e  vein-  and 
down  the  center  \ein  into  a  little  cup 
"  Inch    the    lialue-    jiice    to    n  .'eive    it. 

\fter  the  htlle  cup-  are  tilled  the\  .ire 
Uathere.l  .md  hroii-ht  into  the  ruhher 
eamp.  and  there  ihe  latex  i-  eoai,'illated 
h>  mean-  of  -moke.  Thi-  is  done  hy 
the  u-e  of  a  paddle  which  is  .iltern.itelv 
dipp<d  into  ;i  li,,ul  of  the  l.atex  .in.'l 
lluii  re\oKed  in  the  -moke  from  ;i 
"ood  or  palm  nut  fire.  liu-  -moke 
-eem-  lo  h.ive  .1  pre-i'r\,ili\e  etfecl  on 
the  rnhhiT  .1-  well  .1-  ilr\inL;  it  out 
and  c.in-im,'  it  to  harden  mi  the  p.uldle. 
eai-h  -iicce--i\e  la\er  of  the  l.ilex  can-- 
iliU  the  -i/e  of  the  ruhher  hall  or  his- 
eiiil  to  incre.i-e.  W'Ikmi  a  hi-euit  of 
Sf.rtleieiil  si/c  li:i.  l„eii  thus  coajitil.ated 
it  is  removed  from  the  paddle  and  is 
re.idy  lor  -hipment  to  conntrie-  uIktc 
ruhher  product-  .ire   manufactured. 

I'ara  ruhhi  r  i-  -old  in  three  Lir.eh's. 
line  I'.ira.  which  i-  the  more  carefnlK 
coau'tilated  or  -moke. I  ruhher:  Me.linui 
I'ara.  which  i-  ruhher  gathered  ;md 
smoked  in  the  -anie  \\,i\  .i-  lone,  hut 
which  ha-  h.id  msuCticieut  -mokmi,'. 
and.  th.relore,  more  suhjeet  to  dete- 
rioration ,\uv  to  oxidation,  etc:  and 
Coarse  I'ara.  uhieh  is  ruhher  irathered 
from    tile    .inppint,'s    irom    tiic    riibhcr 


tiees  after  the  cujis  have  hecn  re- 
moved. 1  his  latter  },'rade  h;i-  L;ener- 
ally  a  lar<;e  i>erccnla.i,'e  of  h.irk  .and 
other  foreign  stlhstauce-  mixed  witli 
it.  anil  is  -uhji'ct  to  even  more  dete- 
rioration than  i-  .Medium  l';ir.i.  ,i-  it 
is  oftentime-  iKit   -mokeil  ai  :ill. 

Xnoiher  important  gr.ule  (jf  ruhher 
comim.;  from  ,^oiuh  \menc:i  i-  t  \iu- 
cho,  I  hi-  tree  grow-  -imiLir  to  the 
I'ara  tree-  .md  the  ruliher  i-  g;illiered 
in  a  -iiickir  m.inner.  hut  i-  cured  hv 
adding  to  the  kitex  -onie  alkaline  -oht- 
lion  and  illowing  the  whole  to  dr\ 
out  in  the  -un.  Tlie  \;ilue  of  ihi-  nih 
her  cm  he  greatly  inipro\ed  h\  hetter 
nieihod-   of   co.ignlation. 

l-'rom  (  eiitr.il  .\merici  and  Mexico 
come-  the  I  :i-tillo:i  ruhher.  Tin-  ruh- 
her i-  g;ithered  from  tree-  in  :i  \-ei-\ 
-iimlar  nKiuiier  to  i':ir,a.  and  i-  co:ign'- 
kled  h\  heiiig  mixed  with  juice- 
which  :ire  ohtained  h\-  grinding  up  a 
cirtain  pkmt  which  grow-  in  the  Cis- 
tillo:i  di-lricts.  .\fter  Iieiug  mixed 
with  this  plant  juice,  the  (^i-tillo.a  is 
-pread  out  in  -heet-  on  hull  hide-. 
\>  here  it  i-  .allowed  to  'r\  in  tln'  sun, 
after  which  the  ruhli.  r  is  rolled  up 
and  i-  re.ady  for  shipment.  t'astillo.i 
is  gathered  mostly  from  wiM  tree-, 
hut  in  Mexico  it  h;is  receutl\  heeil  cul- 
li\ated  to  some  i-xteiit. 

l-rom  Mi'xico  wc  al-o  get  ihta\tile. 
Thi-  ruhher  i-  oht:iined  from  ;i  cert.iiu 
-pccies  ol  -hnih,  the  -linih  heiiie  ,iit 
do\Mi  .and  fi-d  into  .a  -liiidiug  or  peh- 
hU-  niill  where  the  hr.iuche-  .are 
cru-hed  .uid  ground  ;md  mixed  with 
uater.  .and  the  ruhher.  wlucli  i-  con- 
tained in  little  p:irticle-  .all  thron:.;h  the 
wood,  is  Worked  out,  heiiig  t:iken  from 
the  pehhle  mills  in  chunk-  as  large  ;is 
a   m.in's   li^t. 

l'"roin  Centnd  \fric:i  .and  from  P.cir- 
neo  come  the  -o-callcl  \fric;iii  gum-, 
-uch  ,as  Congo.  Sond.an.  M.a— .ai.  l„i- 
pori.  .Manicoh.a.  i'onti.anic.  etc  Some 
ot  these  ruhhers  are  gathere.l  from 
tree-,  hut  nio-t  of  th.cm  from  Mi,es 
and  roots,  .uid  the  method-  of  co:i.j-- 
I'lation  .are  v.iried  l'r,ietie:ill\  all  of 
them  .are  dried  out  m  the  sun  These 
nihhers     ;ire    a!!    of    lower    •-•r:!:!;-    •!•.-.;•! 

the  I'ara  rubbers  of  .<outli  America. 


II 


WHERE   CHOCOLATE   COMES  FROA\ 


Fhc  St()r\    in  a  Stick  of  (^liocolate 


Where  Does  Chocolate  Come  From  '. 

1 '!  !;iiAi>    nil    mill  r    ■  nu'    tliini;    i-    -n 

wrll   kllnuil   l.i  }><•}-   .ill.l   nui^   lllr   WnrU 

(ivrr  a-  ihuichit...  \<:l  tluTr  w.i-  a 
tiiiR-.  and  imi  >o  many  _vi.'ar>  a.i,'ii.  a-^ 
we  li^iirc  linu'  in  histury.  when  ihcro 
wrre  no  cakt's  ol  cliiK'oIato.  nr  choco- 
late candies  to  he  had  in  the  candy 
shii]is.  no  chocolate  tlavoreil  -oda 
water  or  chov-olate  cake.  To-dax  <|nite 
a  panic  would  he  started  it  the  world's 
suplilv    of    chocolate    were   cut    ot'f. 

Chocolate  is  ohtaitied  from  cacao, 
which  is  the  seed  of  the  cacao  tree. 
It  i^  i|uite  often  called  cocoa,  although 
till-  i>  not  (|uite  a  correct  way  of  siiell- 
inj;  the  word.  The  cacao  tree  K't"''"'^ 
to  a  height  of  sixteen  or  eii;htceii  feet 
when  cultivated.  Imt  to  a  .>,'reater  height 
when  found  <jrowint;  wild  The  cacao 
pod  yrows  out  from  the  trunk  of  the 
tree  as  shown  in  tlu'  iiiclnre.  ..ml  is, 
when  ri)U'.  from  -imh  to  ten  inches 
loiii,'  and  from  thrr,  to  ti\r  iiulic'-  in 
di:mieter.  <^nviti^  it  the  form  _ot  .in 
ellip-e  When  vou  cut  one  of  these 
[kmN  ..|„ii.  \..ii  {ni.l  five  cotniiartments 
or    cells,   ill    e.ich    of    which    i-    a    row 


of  from  live  to  ten  see<ls.  which  .ire 
imhedded  in  a  soft  pull',  whi.li  i< 
pinki-h  in  color,  I'acli  po,l  then  c(jn- 
lain-  ironi  !\\ent\-li\i  to  fifty  seeds. 
whiih  are  wh.il   \\i'  cill  "coco.-i  heans  " 

riie  cacao  tree  wa-  di-cu\,ered  tnr 
lis  hy  C'hristcpher  t  oluinhii-.  -..  ;•' ,t 
we  have  i,'o(id  rn-Mii  to  re.iieniliev  Inm 
a-ide  from  hi-  L;re.it  di-cn\er\  oi 
Aiiieric.i.  The  ch-covery  of  eitiur  of 
these  would  lie  f.ime  e'loUi.;!)  lor  m\- 
one  m.iii.  .iinl  it  wmiM  lie  ditliciilt  fur 
some  lio\>  and  uirN  to  -.i\  jti-t  which 
(if  the  two  w.i-  »  iihinilm-'  L;ie:iter 
discovery. 

('olumhn<  fouiirl  ilie  cacao  tree 
flourishiiii^  hoth  in  a  wild  and  in  ,i  cul- 
tivated -late  upon  one  of  hi-  \o\- 
;iges  to  Mexico.  'I'lie  Indian-  ot  I'eni 
.and  Mexico  were  \cr\  imid  oi  h  m 
it-  native  -tate.  riu\  did  not  kn.iw 
tl;e  jov  ftf  e;itin^  .a  chocolate  cream. 
hut  they  hail  di-covered  tile  i|iialilie- 
of  the  cacao  he.ni  a<  .a  food  .and  had 
learned  to  cnltiv.att'  it  lontj  before  (.0- 
hinihus  came  to  Mexico. 

('.-ilnmhus  look  -rinie  •";;  t'ie  cacao 
beans  back   with  him  to  Spain  .and   to 


F)ll  I  IklNCi;    HLTWliLN   CHOCOLATl:    AN[)   CACAO 


vliu    (11    i(nu\    i;i  \\>   IS    iiA(;  .\NI>  (  111  cn  ,,1.1  \:v  \.,    w 


tiii>    (la\    nuaii    i^    niiuli    iikut    vxtni  What  is  the  Difference  Between  Cacao 
-i\il\    ,1-rii   li\    till.'   >ii,ini.inN   than   li\  and  Chocolate; 

an\   iithcTnalMin     Ihr  lirM  r,vi  ml  m  u'.  \\-|„„    ,!„■    rara.,    ^rol-    an-    n.aMni 

"''■"''^'''"""   """    ■■"^■'■""1   i^    '"iinil   in  1    .>.|,araIol    from    tlu-    lui-k.    ulnrh 

an    ainmuno-nirnl    in    il„.    ruN.r    .hi  Mirrnnnii   thmi,   ^\u■^    arr  .-alK.il   o.nn- 

;,';''";^''''  '".'"">■"■■" '?:■•"''"■  ^■'I>''-'  ml...        (  a     nin.iM^     ni     ilu^o     mi,^ 

'  ""  ■  alnnc,  \Uuilu-r  llir\   ari-  -rmni.l  ur  iin- 

lii     l.i~li(i]i-atr     -trm.    m    ntu-un'>  -nmnd.  ilru-.l  ami  |  i  ,u  .Krnl.  nr  ui   ih,- 

ili'ad    .\ik'\.   al    a    I- ri  iu-liman'>    ii.iUM-.  ,T!;.lr  |iaMr  drinl   in   .lakw 
IS     an     rxialKm      W  r~l      Indian     drink  (  Imriilatc    i>    nia.K-    tmni    ll,r    CH-na- 

called  cluK-.ilatr.   tu   lie   M,ld   wlirrr   v.iu  ml,.        llu-r    tnli.   ar,-    -n.nnd    nitn   an 

nia>   have  ii  rrad\   al  an\   tniu- and  al-n  „ilv   ,,a>tc   and    mixed    with    MiL;ar   and 

nnniadc.   at    reaMinaMr   rate-."  \aiiilia,     niiiianinn,     rli.v...     ny     ,,il„.r 

(If   i-mirM-,   l.\    the   time    Aiiurica   Ik--  llaMiniiL;-  ^uliMaika-..    ChiK-nlate  is  ,,nly 

eanic    Mtllrd.    tlu-    iK'i.j.le   lininL;lit    thnr  a    |.nidii.t    made    Mnin    nieua-nihs.    hii't 

taste    fur    cli(H(ila!es    with    tiieni.  it    i-    the    inn>t    iniiiMrtanl    priiduct. 


CACAO    eRACKINt,   MILL    AND    SHELL    SEl'ARATOR. 


3"  10 


WHAT    COCOA    niTTIR    IS 


Wlll'KI  Till' 
•-HKLI-  \Kh 
^El'ARATKli 

I  K'lM     I  HI- 
BEAN. 


!Kl>A    CRAC   KIMi    AND    SHEI  I.    Ml'AKA  1  (IK. 

What   Are   Cocoa   Shells? 

1  Ikk.  .irt  ulinr  |ini.liul>  \\\mh  .irc 
(li.luiiud  I'roni  tlir  r:u;i(>  seel.  One  i> 
lalle.l  llniiiKi-  which  i-  the  dry  ik)\v- 
,Kr  oi  ilir  -ee.l-.  after  tlu'  "il  ha>  been 
l.'.kiii   I'lil. 

(  nLu.i  -lulK  an-  tlu  l)ll-ks  whu-ls 
M^rrcniiil  llu-  edcoa  Ik-.iu.  I'hese  are 
orunti'l  11]'  into  a  line  ])i>\vUt  and  soM 
f.ir  iti.ikin;,'  ,•;  kind  of  eneoa  for  drink- 
in-,  .ihl'.onyh  the  flavor  i~  to  a  i;re:il 
exliiit  nii>-int;  and  it  is.  of  eonrse.  noi 
iH-.irU  >o  niinrishinfj  as  a  <lrink  of  real 
coeoa. 

What  !s  Cocoa  Butter? 

1  hv  (111  Mum  llu  cacao  seeds,  when 
-i]iar,itc.l  fiMiii  thr  -ceils,  is  wliat  we 
e.,11  ciKO.-i  linttiT  It  ha-  ,i  lilcasant 
...liir  .and  elioeol.ali-  liki-  ta-lv'.  It  i- 
ll-nl    ill    ni.ikin-    -u.il'.   ■  untnUMll-.    rtr 


NMl.l.   IS 

tt  nil  II    TIM 

lltAS-     ARI. 

ROASTED. 


eoCo,\  y;o.iSTa!. 


HOW    CACAO    BtANS    GROW 


■M] 


COCO.A    TRFl.   UlTH    IIIIIT    K\i>WN    AS   lOCn.v    rOOS.    Willi  II    (ii\r\lN'    TIIK   llKllA    MEAN'S. 


How  is  Cacao  Gathered'  .irraiiLiriiu  nt   ni    kin\(,>  dii  a  ImiL;   |iiili-. 

W  lu'ii    the  i-acao   pml-.    njiiii   mi    ilir  N^  la   iiil-  nil  tin-  |hi.1-,  Ik   1.i\^  lii.  in 

tr(i|>ical   plaiitalions,   wIktc  the  climau-  mi  the  u'l'iuiiid  and  K'avvs  tluiii  to  dry 

i  -  -m-li  that  they  can  lie  grown  sncee^s-  fur  twciity-fdur  hours.     The  ne\t   d.ay 

fiilh'.    the    native    lahorer    cuts    iitY    the  they  are  cut   (ipeii.  the  seeiN  taheu  out 

r;]ii-ned    pod^    .a^    we    ■-ee    iiini    <ioinL;    in  ami    laiiuii     lo    iiie    pi.ur    where    liiey 

the-    pi'iiire    showini:    the    pods    un    the  ■'ire  eiired   or   --weated. 

tree,     lie  docs  this  with  a  scissors-hkc  In   the   process   ot    curing   or   sweat- 


;j'j2 


HOV\    CHOCOLATE    IS    MADE 


iii^;.  tlu'  .ni'i  uliiili  1-.  loiiml  uitli  tin- 
sted-  1^  |iiiiHril  off.  Ilk-  lican^  arc 
tlu'ii  |il.nfil  111  a  swi'atiiij»  Ix'X  1  lii^ 
ji.irt  (il  llu'  i)n)crss  is  tor  tin-  iiiir]"i~c 
ill'  iiKikiii',:  ilif  Ih'iiiis  t'lTiiiftit  ami  is 
il.r  miivt  iiii|ii, riant  jiart  of  ]ir<.-]>arin); 
llir  liraii-  fur  marki't.  as  tlii'  (|tiality 
aii'l  ilu-  ll,i\ur  (it  till-  licatis  ami.  tlu-n-- 
idiT,  iluir  valiH'  ill  tlu'  marki't,  i\v- 
I'liicU  lar>,'i'l\  iipon  tiic  aliility  ol  ulm 
i\ir  i1mc>  II  in  cnriiit;  or  I'l-rnii'iit'iii; 
Sniiutinu-  llic  curing  is  doiu'  li\ 
I'laiin^  the  svimN  in  tri'iH'lics  or  lioli^ 
IP  tin  i;roiincl  ami  icivfrin.i;  tlii'in  willi 
i.rlli  nr  .lay.  Tlii'.  i>  called  tlic  cla\- 
i  nnni;  jirin'c^s.  Tlic  time  r.i|nircil  in 
1  iiriiit;  tlic  cacaci  luaii-  \aric-.  Inn  un 
tin  .i\<Ta^;c  rci|iiiri--  tun  .la>^.  When 
cnr((l  they  are  dried  hy  ex|>ii~urc  tu 
ll'.c  -1111  and  iiackc<l  ready  for  -hi|iiiini,', 
\i  thi~  nine  hr.iiis  of  tine  i|iialitv  arc 
fi  mid  111  h:i\c  .i  w.-irni  rcddi-h  cnlnr 
The  '|iiah!\  i>r  L;i'.idc>  nf  liciii-  .arc  dc- 
Icniinicd    1a    ihc   cilir   al    ihl-    -ta''c. 


1  r-.  only  much  lar),'er.  .\tler  luaNlln^,' 
I  he  si'i'ils  are  trans  erred  to  erushiiii; 
.iiid  winnowini;  niacliines.  The  crnNli- 
ii'i,'  ni.ichincs  hnak  the  lni-k->  or 
"-lielN."  ami  the  uinnowm^;  machine 
l.y  tile  action  ni  a  fan  sejiaralc-  ilic 
-hell-  from  the  actual  kernel  or  hean. 
I  Ik-  hcaii^  an-  now  called  eoeoa-iiihs, 
I  hc-c  nihs  arc  iinw  in  turn  \\  iiiiinwcd. 
lull  III  smaller  i|ii.inlit'c-  al  .a  tunc, 
diirinj,'  which  jirocc--  ihc  nn]ierfect 
|iicccs  are  removed  uilh  uihcr  foreii,'n 
-nh-t.inces.  (aeao  heaiis  in  this  form 
'  un-titiite  the  purest  and  ^iniplc-t  fnrm 
lit  ^■,lcao  in  which  it  i-  -lilil  I  he  "li 
i<'Cti(iii  to  their  ii-c  in  tin-  I'lin  i-  'hat 
I'  I-  nc,-c--ar\'  In  liiiil  lluni  iHr  a  mni'li 
li  ii'^cr  tunc,  in  nrilcr  tn  i|i-imcL;ratc 
ilicni,  th.iii  \\licn  llicy  .ire  s,'riinnil  ii] 
in  the  Itirni  nf  nical  I'or  thai  rci-mi 
the  mil-  are  v'ncr.ilK  yriiinid  liil'nrc 
marketing   as   cicao   or   liiCiia. 

\niithir  fiirm  in  which  llic  [iiin' 
-ei'ds  ;ire  prelLarcil  i-  ihc  llakdl  cihu.i 
I  hi-  I-  .'il  cnmjili-hcil  li\  s^rimliii!,'  up 
the  nil)-  into  a  p,i-te.  I  hi-  urindiiii,' 
i-  iliiiic  in  a  rc\iil\ini,'  i\lini|er  machine 
IP  which  ,1  iinini  rcMiUc-,  In  tlii- 
proce-s  tlic  heat  (lc\-cliipcil  li\  tlic  I'rr- 
tiiiii  in  the  m.achiiie  is  sul'ticienl  lu 
liiliufc  the  oil  in  the  he.ins  .aivl  fnrni 
the  pa-te.  Tile  oil  llicn  -'ili'lilic-  :i'_;am 
in   liu-   p,a-te   when    il    'iiiimi-  Ciml 

What    ui'    kiiciw    a-    cal^'-    nf    c-'iniai 
k'le  are   ni.icle   from   the  coco,i-mhs   hv 


How  Chocolate  is  M;ide. 

When  the  c.a-.ii.  hcan-  ;irri\e  .it  the 
■,  liiicol.atc  f.actorv  the\  ;ire  put  thrnn'rh 
\ariou-  processes  to  di'veloo  their 
aroni.i.    p.d.it.'ihilitv    ;ind    iliL;e-tiliilitv 

The     -ceil-     .arc     tir-t     ro.a-tcl.        In 

r<,a-Oj.iL'     till'     -iili-lanci       n  hicll     i!c\-cliili- 

tl:e  .irnin.a  i-  I'nrnicd  I  lu-  rna-tiii'.;  i- 
aiciiinpli-hcd  in  rc\  i  ih  iie.,'  c\lindcrs. 
nincli    like   the   rcMilvini;   pcanii!    roa-l- 


llOCuLA!!        HM--MLH 


CHCKOLATE    MIXFR. 


luTitinc;    the     mixture    of    the    cacao,  iwiiu  heavy  rollers  to  get  a  thorough 

Mi-ar   and    Mich    flavoring    extracts    as  mixture  anc'l   tinallv  jioured   into  molds 

vamlla,  until  an  even  ])aste  is  secured,  and  allowed  to  coo'l.     When  cool  it  can 

I  his  iia-tc   IS   j.asse.l   several  times  he-  be  taken   from  the  molds  in  linn  cakes 


CHOCOLATE    MIXING    AND    HEATIN..    MACHINE. 


::.i\ 


»!<)\\    CMOCOI  Ml     C\M)!:s     \RI     MADI: 


aiul  ur.ii'i'i'l  iiir  tiR-  iii.irkrt,  1  hi^  h 
ilu-  w.iv  Milk  I  IkhoI.Uc  is  iii.nli'.  Tlu- 
■  lill'frituc  ill  llii'  tasti-  and  cu!i>i>tc!Kv 
..f  milk  ilioculato  ilipi'llds  llpntl  llnw 
tiiaiu  ililt'iTtiit  tiling's  till'  I'htK'iilaif 
maker  ailds  to  tlu'  inirc  (.•iKoa-iiilj-<  t<> 
Iinidiiic  tills  niixluri-.  <  >itiii  siili- 
-laiu'fs  siu-li  as  starchy  material-  an- 
.uliU'd  to  niaki'  tlif  iaki-<  muro  tiriii. 
riu'V  add  tiotliiiii,'  Id  the  i|iialit\  nf  the 
I  liociilali'. 

I  llmdlali'-iuvcrid  l)lllllMlll^,  iIhko- 
l:iti-  drip))s.  and  tlio  many  dilYon-nt 
kinds  <il  tiiotlisdiiif  ODiifirtions  arc 
I  rcpari'd  in  the  Anu-rican  candy  fac- 
ti.ric*.  as  wc  all  well  kmiw.  The  chi)ci>- 
l:.tc  ciivvrinij  nt  tlii^  cimfcctinncry  is 
uiiicrally  ]'iit  u-.i  tiv   dipiiin;,'  tin-  in>idc 


oi  tilt  cliiiicc  iiKir^cl  111  a  iiiii  III  hcjiud 
duK-nlati'  paste  and  then  placing  the 
hits  in  tills  to  allow  tluiii  to  lool  and 
harden. 

A  ^reat  many  ol  the  choiii-sl  hits  of 
confectionery  are  now  prodncecl  hy 
machines  cntirel).  These  machines  are 
almost  litiman,  apparently,  as  we  see 
them  make  a  ]ierl"ect  chocolate  honhoii 
which  is  delivereil  to  a  cand\  ho\  all 
wrajipeil  tor  paikinj;.  These  woiicler- 
I'nl  machines  thus  j,'i\e  lis  candy  which 
has  not  heeii  touched  hy  the  hailils  of 
any  one  prior  to  the  time  we  thrust 
our  own  tinsitrs  in  the  hrii;htly-deco- 
r.ited  ho\  and  take  our  piik  of  the 
;issortment  it  offers. 


U  llLi  1.    lilL    i..i.r.  ll>i  .>L    111.W.-    .■!     ^u.Nj  i.<  iiL..>     .\KL    \\  K  M'l'l-.U. 


THL   TALLLST    iiLIL[)IN(.i    i\     IHL    WORLD 


*»,■) 


^    i 


This    liiii 
T»o   of 

inche-i    and    < 

U\  -I  I>t     til 
luUl     lit 


Ming 
the   . 

■•ro   <• 

llu-     I 

iKht 


WOOLWOKTIl    l.UILIUNO,    NEW    VCiKK    CITV 
the   tallfst    in    tht    worM,    is    criuippetl    wilh    16    (tearless   traction    elevators. 


levatnr^   run    irnm    the    tix    t 
■ct    ii-'4    inches,    respectivelv, 
Ity-I    iirth    rtiiur. 
if    huilding    from    curb    to    base    of   flagstaff.    79J    feet 


tlie    hftv. first    fl.v 
Tliere    is    also    a 


uith    aotua! 
liuttle     ele\atr 


ravels    nl    6:'q    feet    0'/^ 
«h'i''    •1111^    trnni    the 


:«Hi 


MOW      \N    I  II  \  MOW    (iOIS    II'     VM)    DOWN 


Huw  Does  an  Elevator  Qo  Up  and  Down? 

I 'i.lnnrilj.  »;!.vn  vi  il.ii.l.  .1  .111  <lis.it. .r  VM-  think  im rily  <4  the  cane  cir  lar  in  which 
«r  riilc  ii|i  "r  ijiiun.  Hiil  iht  c.ir  !•<  rr.ill>  ••n\\  ihi  part  winch  iiiakc-  tin-  tli\,iliir  nf 
Mriiic  to  ni.iii,  :iii(!  fr  in  the  <tanil|)<iiiu  of  the  machiiuTy,  is  a  relatively  uiiiiniiortant 
part  "f   the  n|tii|inient. 

'Iliirc  ar-  twi>  nrln.'pal  l>|m  nf  <'U-\at<>r«  iimmI  tn-ilay;  thf  hydraulic,  which  i>  wnrlicl 
I'y  w.iHT  iiinlir  )iri««iirf.  ami  the  tlcclric,  which  is  wurkoil  liy  elvctricit>'  thfDiiKl'  an 
electric    iiiiilnr.      The    laitir    t>pe.    liecaiKo    of    tlie    tmiUiicv     ti'wanl-    the    >;einTal    ii«e    ni 

electricity  in  recent  year*.  ha«  larcely  siiper- 
seileil  tile  hydraulic,  and.  ai  when  »nii  think 
nf  elevator"  ymi  prnliahly  ha\e  in  mind  thow 
villi  h.ive  seen  in  Mime  luitjc  skyscraper,  we 
nIi.iII  I'l.  ik  at  iMie  of  these. 


<'11MI".ITK    r.F.  \RI.K.S-    TRACTinV 
ri.KVATOR    INSTALLATION. 


Wh:U    nre    the     PiimnKi!     Parts    of    an 
Elevator  ' 

The  most  advanced  type  of  elevator  to-day 
IS  called  a  (iearless  Traciioti  Elevator.  In 
this  ele\ator  the  principal  parts  are  a  motor, 
a  Kroo\ed  wheel  on  the  inopir  shaft  called 
a  driviiiK  sheave  and  a  hrake.  all  inoniitcd 
on  one  cast-iron  heil-plate;  a  nnniher  of 
caliles  of  e'lnal  leiiKth  which  pass  over  the 
ilrivinK  shra\c  and  thence  around  another 
Rrooveil  wheel  called  an  idler  shea\e,  located 
just  tielow'  the  (IriviiiR  sheave,  and  to  one 
end  of  which  is  attached  the  car  or  cane 
and  to  the  other  end  a  wiiylit  callnl  a  coun- 
terwei^iht  ;  alvi  a  controller  which  Koverni 
the  tlow  of  electric  current  into  the  motor 
and  thereby  the  speed,  starts  and  stops  of  the 
(levator  car.  .MthoUKh  tne  controller.  mni,,r, 
lirake  anil  sheaves  are  usually  placed  way  at 
the  top  of  the  liuiMiiu;  oul  of  our  siyht.  they 
are  really  \ery  importu'  t  parts  of  the  elevator. 

The  cme  or  car  in  wliiih  we  ride  is  held 
ill  pl.ice  hy  tracks  built  uprie.bt  in  the  elevator 
shaft,  and  the  couiiterweinlit  at  one  side  of 
the  shaft  travels  up  and  down  alonK  two  sep- 
arate upright  tracks.  \\  hen  the  car  k'oes  np 
the  counterweight  on  the  other  end  of  the 
caliles  Koes  down  an  ei|ual  distance.  The 
counterweight  is  used  to  b.ilaiice  the  load  of 
the  car  and  to  make  it  easier  for  the  111.  <<<r 
to   move   the  car. 

l".leciricity  is  the  power  that  makes  tlie  c.ir 
Ko  up  or  down.  The  operator  in  the  car 
moves  a  master  switch — in  one  direction  if 
he  wishes  to  no  up.  in  the  othc  direction  if 
he  wi  lies  to  yo  down.  This  master  switch 
sets  the  electro-inasnetic  switches  of  the  con- 
troller at  the  top  of  the  hatchway  into  action, 
electrically,  and  the  controller  in  Uirn  allows 
the  electric  current  to  flow  into  the  motor. 
The  motor  then  begins  to  revidve.  gradually 
at  tlrst.  and  then  faster.  turninR  the  driving 
sheave  with  which  it  is  directly  connected. 
.\s  this  driving  sheave  revolves,  the  cables 
passing  over  it  are  -it  in  motion,  and  the 
car  and  counterweiKht  to  which  tliey  arc 
attached    begin    t'l    ninvc. 
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Why  Dues  Hv   the  Cai'  Fall; 


'tally  inil>i>»>il>li-  l<i  li;nc  u  scriinu  :u-ojilriit.  <|iic 
is  t'i|iii|>l>(-<l  with  wciluitiK  nr  rhinipinK  tirvicfs 
the  car  Kois  tiK>  fust  cither  up  or  ilowii.     These 
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Of  CMiir*!'.  the  )|ur«tii<n  of  safety  i»  a  vrry  important  one  in  any  elevator,  a.id  yn 
uiKiikr  what  womIiI  hai>i>en  if  the  eal>le>  limke.  N  on  think  of  litis  especially  when  yoii 
are  u.'Ihk  up  in  "\\v  of  the  liiu  sk.Nserapers -where  the  elevators  soinetinies  triivel  |o  a 
lieinlit  of  ,-i»»  feet  It  e.iii  lie  lriillifiill>  saiil  llial  on  eur>  nioilerii  eUvator  there  are 
safely  ileviees  which  shi'iihl  ni.iki  il  prac 
III  ilie  f.il!  of  the  car.  ("very  eltvator 
wliich  antoinulii'ully  tjrip  the  rails  ui  case 
itrippini;  ihvici^  can  lie  ailjM^tnl  ti 
work  at  any  speeil  that  is  ilesireil  atmvc 
the  remilar  speeil.  It  is  ii  it  at  .ill  pmli- 
ahle  that  all  the  caMes  will  Iireak  at 
once.  Iiecaiise  there  are  usually  six  of 
these,  .'iiiil  any  one  of  th''m  is  stronR 
eiionyli  111  li.ilil  the  car  if  the  others 
lire.ik  :  lint  even  if  they  all  shonhl  hreak 
the  Mrippinj;  i!evice»  <m  the  r.ils  will 
operate  ami  hohl  the  car  ^.ifely.  just 
as  soon  as  it  starts  down  at  great 
speeil. 

Snppiise  that  the  car  shonhl  dcsceml 
al  full  speeil.  hut  not  sulVicieiitly  fast 
to  Work  the  rail-yrippiiiK  ilevices.  it 
woiilil  lie  liriiuv.'lit  1.1  a  iir.iilu.il  rr^t  ai 
the  liottiim  of  the  hatchway.  lucau^'  of 
the  oil-ciishion  hnlTer  ajiainst  which  it 
woulil  strike.  This  is  a  remarkalile  in- 
Minii.ii.  Willi  a  plnnner  workiiu  i"  oil 
in  siuh  a  way  that  a  car  sirikiiiK  it  at 
lull  speed  will  come  to  rest  so  nri't<lnally 
that  there  is  scarcely  any  shock.  Nun 
h.ive  perhaps  seen  a  clever  jugqler  mi 
the  st.iue  throw  an  ordinary  heiTs  cri; 
liitjh  into  tlie  air  and  catch  it  in  a  china 
ili-.h  without  crackiiin  it.  He  does  it 
liy  pntiim;  llie  di^li  under  the  falling 
efjt'  jiist  at  llii-  rii;ht  nioineiit.  and  liriim- 
iiii:  the  dish  down  with  the  e«>;  at  just 
the  riwhl  ^pieil.  so  that  eventually  In- 
has  the  euK:  in  the  dish  willio-.it  crack- 
iiiK  it.  The  tri'k  is  in  calcnlatinj4  the 
rate  of  s|ieid  of  llie  falling  eui;  accu- 
rately and  adjiisiiiin  the  insertion  of  the 
dish  under  the  falliiii;  egi;  In  a  iiiiely. 
The  oil-cushiiin  Imlfer  in  the  nMilmi 
elevator  works  in  very  much  the  s.anie 
way. 

If  it  were  not  tor  the  ueiiius  which 
has  made  possihie  the-e  new  types  of 
levators  wc  could  rit.t  have  the  hi^h 
liuildiiiKS.  The  elevators  in  the  Wool- 
worth  liuildin«  are  the  latest  type  in 
modern  elevator  construction.  In  this 
one  huilding  alone  tlierc  arc  hj  ele- 
vators, and  when  yon  are  told  tiiat  the  l■^^^l^^l-  .arranc.e.\ik.nt 
electric  elevators  in  the  I'nited  States 
installed  hy  a  ^inK'e  company  represent 
a  total  of  .S2S,ooo  horse-power,  you 
will  have  some  idea  of  the  power  rc- 
iiiired  to  operate  elevators  all  over  the 
.  .iinitrv. 
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WHAT  THi:    AIR    WKUiHS 


Does  Air  Weii;)i  AnythuiB:' 

\ir  i-  wry  lij^lit,  so  lijjlil  that  it  scfins 
t  I  have  lu)  wi'ifjht  at  all;  hut,  if  xoii 
will  think  a  luimite  yi  u  will  see  that  it 
must  have  some  \vei>;ht,  hocatise  birds 
Hy  in  it  ami  balloons  can  be  made  to 
tloat  throuj,'h  it.  It  h;i>  been  found 
that  one  hundred  cubic  inches  of  air 
ai  the  sea  le\el  weiijhs.  under  or<linary 
conditions,  about  thirty-one  j,'rains. 
This  seems  .i  very  -mall  \vei,L;ht.  but 
when  we  remember  th-  thickness  of  the 
atnios|iheriv-  enveloiie  over  the  earth  we 
see  that  it  must  jiress  (|uite  heavily  ujion 
the  earth's  surface.  There  is  a  very 
s-mple  instnnnent  called  a  barometer, 
w  hicli  is  used  for  nieasuriiii;  the  amoinit 
<-f  this  pressure.  The  name  means 
jiressure-measure. 

.\nother  --trikiu.i,'  feature  of  air  is  iti» 
elasticity,  and  this  explains  soniethinj,' 
that  is  notice<l  by  all  mountain  clinibers. 
'  >ii  a  Iiii^h  mountain,  it  is  ditHcult  to  jjet 
enough  air  to  the  luuj;s,  thoujih  one 
li'tathes  ra]>idly  and  deeply.  The  rea- 
son is,  th.it  the  air  at  the  foot  of  the 
ii'onnt.'iin  is  compres-ed  by  the  nei,i;ht 
c!  that  above  it,  and  conse(|uentlv  the 
liMi};s  can  hold  more  of  it  than  of  the 
;iir  on  the  moimt.'in  top.  which  has  less 
v»eii;ht  resting;  upon  it  and  is,  there- 
fore, not  so  much  compressed.  On  ac- 
count of  tin-  e.-ise  with  which  it  is  com- 
|ire-sed.  we  t'md  that  luore  than  half  of 
all  the  envelii|ie  of  a'V  that  surro.nids 
the  earth  i^  within  three  miles  of  ,he 
surface. 

When  air  is  chemically  analyzed  it  is 
found  to  cf)nsist  of  a  number  c)f  sub- 
stances iniii-iled  together,  but  not  chem- 
ically united.  These  inclu<le  nitrogen, 
ovyijen.  arnon,  carbonic  acid  gas,  water 
vapor,  ozone,  nitric  acid,  ammonia,  and 
(lust. 

0.xyjj;en  is  the  most  important  of 
these  coniitituents.  for  it  is  the  ]iart  that 
is  necessary  to  sui)]>ort  life.  S'ct,  not- 
withsta.idin.u  its  importance,  it  forms 
cnly  about  one-fifth  of  tiic  entire  bulk 
cf  the  atmosphere. 

Oxygen  is  a  very  interesting;  sub- 
Et,inre  and  many  =trikin-r  experiment'! 
may  be  performed  with  it.  If  a  litjhtcd 
candle  is  thru";!  ii'tn  a  \-csscl  filled  with 


(/:.y,i;en.  it  burns  verv  much  move  r.ip- 
idly  and  brilliantly  th.in  in  ,iir.  A  piece 
<f  wood  with  .1  mere  spark  on  it  bursts 
into  llanie  and  burns  hri>,dul>  when 
thrust  into  oxysjeii,  and  some  thing's 
tliat  will  not  burn  at  all  in  air.  c;m  lie 
Tiiade  to  burn  very  r;i])idly  in  oxyjjen. 
lor  ex,iinple,  if  ;i  piece  of  clock  sprinsj 
be  dipped  in  melted  sul|)liur  and  then 
put  into  a  jar  of  oxyijen,  after  the  sul- 
I'lnir  has  been  set  on  tire,  the  steel 
<priiii,'  will  t.ike  fire  a'ld  burn  liercely. 
The  heat  produced  is  so  j're.it  th.it  drops 
of  molten  steel  form  at  the  end  of  the 
spriiii;.  and  f.-illin;,'  on  the  bottom  of  the 
j;ir.  melt  the  surf.ice  of  the  .i;l,iss  where 
tl  ey  strike. 

Idle  other  two  si,,.  ,;mces  found  in 
pi'.re  air.  nitroi;en  ,ind  ar!,'on,  are  very 
i:'uch  alike.  Tli-'y  make  ui>  the  remaiil- 
iiit,'  fonr-tifths  ot  the  air.  and  are  very 
different  from  oxygen  in  nearly  ever\- 
respect. 

Xitroi^eii  ;ind  :ir<;(>ii  --esc  ■  ble  oxvijen 
111  beim;  colorless,  odorless,  and  t.iste- 
less  fjases :  and  they  are  of  nearly  the 
same  weight  as  oxygen,  argon  being  a 
little  heavier  and  nitrogen  a  little 
lighter ;  but  here  the  similarity  ends. 
'  'xygen  is  what  we  call  .1  very  active 
subst.ance.  .\s  we  li;ive  seen,  it  cause"! 
things  to  burn  very  much  more  rapidly 
ill  it  than  in  .air.  Nitrogen  and  argon, 
on  the  contrary,  put  out  lire.  If  a 
lighted  candle  is  jnit  into  a  j.ir  of  nitro- 
g.  II  or  argon  its  tlaine  will  be  extin- 
gi  'Shed  as  i|uickly  as  if  put  into  w.ater. 

We  must  now  consider  the  impuri- 
ties fouufl  in  air.  ( )f  these  the  most 
inijiortant  is  carbonic  aci<l  gas.  or.  as  it 
is  frei|Uently  calKd,  carbon  dioxide.  It 
is  always  ]iroduced  when  wood  or  coal 
i?  burned,  and  is,  of  course,  constantly 
being  poured  out  of  chimneys.  It  is 
also  produced  in  our  lungs  and  we  give 
otT  some  of  it  when  we  breathe.  It  is 
colorless,  like  the  gases  fouml  in  pure 
air,  has  no  odor  or  taste,  ami  is  con>^id- 
erably  heavier  than  oxygen  or  nitrogen, 
in  its  other  jiropcrties  it  is  ,.iuch  more 
I'ke  nitrogen  than  oxygen,  for  when  a 
cindle  is  put  into  it  the  flame  is  ex- 
tingiii'-hcd  at  onee.  To  find  out  whether 
air  contains  carbonic  acid  gas.  it  is  only 
neressarv   to    force    it    tbrnivh    .t    bttle 
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lime  wat'.r,  m  a  j;l.ijs  V(.>-rl,  .uul  uatcli 
uliat  cliaii),'f  laki-s  pkuo  in  llic  w.itur. 
ItcsIi  lime  water  is  a>  cKar  a^  puri- 
uatcr;  l)Ul  after  lorciiii,'  air  i  iiiitaminL; 
I'arlioiiic  acid  tliroutjii  it.  it  hiKiiiR- 
liirhid  and  milky.  It  the  iiirlii'l  \vatir 
i-  allow  I'd  to  >tatid  fur  a  time,  a  wliitr 
I'ouder  will  --ettle  ti'  tin-  nuttom,  and  if 
wx-  fxainiiie  tliis  powdiT,  wo  tind  it  {n 
lie  very  miieii  the  >ame  tiling  a-  ill  ilk. 
While  it  is  Inic  that  air  jjenerallv  con- 
tains oidy  a  very  >mall  |)ortion  of  car- 
lionic  acid  ^:i>,  tliere  are  some  ])laces  in 
which  it  is  ]>resent  in  such  larjje  (|lian- 
tities  as  to  render  the  air  unlit  fur 
lireathin;,'.  The  air  at  the  hottmn  of 
<lei'|)  mine-  anil  ol.i  \m.11-  ufirii  ha>  an 
tmnsnall)  larj;e  proijortion  of  llu'^  .i,'a--. 
whicli.  hecause  of  it*'  jjreat  weij^ht,  ac- 
cumulate-- at  the  hottom.  and  remain-' 
contlned  llu-re.  Tlie  presence  of  a 
i!ani;erou>  i|naiil!t\  of  the  ija^  in  ~nch 
places  tna\  he  fjriected  hy  low t-rinj,'  n 
tamlle  into  it. 

Wliy  Doc«  the  Scenery  Appear  to  Move 
When  We  Are  Riding  in  a  Train? 

When  \ipu  -It  111  a  nioMtii;  train 
lookint;  out  of  the  window  it  a|ipe.ir- 
as  though  till'  liclK.  the  leK-.i^'raph 
jMiles  and  everythin.^;  <Ue  imt--ide  were 
moving,  instead  of  \hii.  Tliis  is  he- 
cause  our  only  idea-  uf  mutiun  are  ar- 
rived at  hy  conipari-iin,  and  the  fact 
that  neither  vou  nor  ihe  -cats  of  the 
car  fir  any  other  ]iarl  nf  ihe  iii-ide  uf 
the  car  is  chan^inj,'  i'-  po-ition.  le.uN 
you  to  the  delusion  tli.il  the  thini:-  out- 
side the  car  are  movini;  and  not  \ini. 
It  you  were  to  ])idl  dnwn  .dl  ilu-  vur- 
tiiiis  and  the  train  weri'  ni.d\in,i;  no 
iioi.-e  at  all,  vou  would  not  think  that 
;niytliinjj  was  luovinj;.  It  wntild  ap- 
])ear  as  though  you  were  uiotionless 
just  as  everythini;  in  the  car  appears 
so.  When  vou  turn  then  to  the  win- 
('ow.  atnl  lift  the  cif'-'in  you  carry  in 
the  hack  of  your  niiiio  the  idea  of  hc- 
intr  at  re-it  and  tiiat  i-  what  makes  it 
a)>pear  as  thouKh  the  fields  and  every- 
thint;  outside  wore  movinp  in  an  op- 
posite direction 

\ou   are   in   a   train   in   a   station    with 


another  tram  on  l\)v  ne,\t  tracl^,  [here 
1-  a  sen-e  of  motion  if  iine  ut  the 
lrain>  nnly  is  nioviii;;  and  you  feel  that 
It  i-  the  iithcr  Ham,  hecau-e  \"n  are 
-urronndrd  hy  uhji.t-  m  the  car  uhuli 
.ire  .it  re-I,  .i:id  when  \  un  look  out  .it 
the  oihir  ir.im  \utli  thi-  half  cmi 
-iKiu-iu'---  1.1  n -I  111  \(jur  mind,  it  .ip- 
pears  ,i^  iIi'piil;ii  the  uiher  Ir.uii  were 
iroMiii,'  when  a-  ,1  m:itler  of  fa.  t  ii 
IS  yotir  tr.iiii.  if  the  delu-i.m  hajipeii- 
to  he  ImiRil  the  oiher  way.  it  will  ap- 
pear as  thouj^h  Mill  .in-  moviui,'  and 
tile  other  is  still.  It  .icpeilds  upon  wll.it 
lall-e   till    !inpre--i.(il    -tart-    with. 

Why  Dent  the  Scenery  Appear  to  Move 
When  I  am  in  a  Street  Car? 

Il  you  ,ire  in  .i  -Irert  c.ir  in  the 
iiiuntry  and  iiiii\;iii;  ;iloii^  fa-t  Mm 
will  receue  the  -.iiiie  iin]iri---iun.  es- 
pecially in  a  c|(i-id  c.ir.  hrcau-e  Mm 
are  lookiiiL;  out  of  nm-  huK-  cir  one 
>\indinv.  In  ;in  open  car  mhi  du  nut 
reiei\e  the  -.line  iiiiprr--ii  in  hrcin-e 
Milir  r.-iia'.e  uf  vl-iun  i-  hruader.  N'mi 
i.  n  ;ind  du,  .dthuuLlh  pi  rh.ip-  niicun- 
-ciuii-l\'.  luuk  out  un  liulli  -ide-  an.l 
the  inipressidu  your  mind  uet-  tliruui;li 
the  iM-  is  not  the  -.iinr  If  \  uu  were 
to  ]iull  iluwn  .'ill  tile  -turni  i  iin.iin-  in 
a  mii\in!,'  upen  -inet  car.  :iiii|  ilim 
l.iok  out  of  line  lillle  ir.uls.  Mill  wunld 
think  the  imt-idi  wa-  nimln;,'.  I'liit  if 
Mill  -liip  lu  n-iiieiiilKT  that  \im  are 
miixiiii,'  ,ind  iiul  tlie  thiiii,'-  out-ide  the 
c;.r.  lliin  the  impression  v.am'shes.  In 
tile  iil\.  of  ciiur-e.  \our  hrain  is  -o 
thoroui,dily  ini|iressi-d  with  the  fa'i 
tli.at  huii-e-.  .and  p:i\ements  (]n  nut 
i':u\e.  ,iiid  the  I'.Li-  mini-  -u  nuh-h 
more  -luw!\,  that  it  is  difticiill  tu  make 
yourself  heliexe  otherwise.  Tin-  iiii- 
pressiou  is  more  rifficult  always  when 
y(>ii  .are  moviii','  throuijh  or  past  oh- 
iect--  with  which  you  are  perfectiv 
familiar  It  is  .ill.  of  course,  a  (|ues- 
Mon  of  impressions. 

Whv  Does   the   M -on   Travel   With   Us 

When  We  Walk  or  Ride  ' 

The  moon  docs  not  rcallv  tr.ivel 
'.'."iin  lis  :;  only  .-cciti.-  to  lio  -o.  i  iu- 
moon   is   so    far  away   that   when    wc 
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-'.alk  a  blukk  or  [\\u  ur  a  huiulic-l,  uc 
i.nnnt  iiutici-  aiiv  relative  dit't'crciKO 
)i.  tin-  rt-lativc  iMi^iiions  of  the  moon 
aiiil  onr-ri\L-.  \\  iii-ii  a  thill};  i>  lose 
.'t  liaiiil  ue  (.an  nntiee  every  cliaiij;e  in 
(  iir  [.(i^iiiDii  tduar.l  ii,  Imt  when  it  is 
lar  a\\a\  the  eliani^e  of  our  |io>itioii 
lowaiil  It  is  so  slij;lit  thai  it  is  hanlly 
Iiirce])tili!e.  A  very  ^'uod  way  to  il- 
histrate  this  is  to  ask  you  to  recall  the 
last  time  \un  were  in  a  railroad  train 
lookini;  out  at  the  scenery  in  the  coun- 
try. 1  he  tele,i:ra[>h  |ioles  rush  ]iast 
y(  u  ^o  la^t  \on  cannot  count  tliein, 
■|  lie  cou>  in  the  jia-ture  he^ide  the 
r.'dlroad  ilo  not  >ieni  to  i;u  li\  so  fa^t. 
N  on  i  ,in  count  tlietii  easiK  .  Tlie  tree 
1;  rtlier  over  in  the  next  lieM  elm-  not 
appear  to  he  nioviii),'  hut  slij,'luly.  whde 
the  church  ."eple  which  you  can  see 
lar  in  the  (ustaiice.  does  not  j.;o  out  of 
sif^ht  for  a  lonsj  time — in  fact,  seems 
almost  ;o  he  movinj;  aloni;  with  vou. 
The  moon  is  just  like  the  church 
steeple  in  this  case,  except  tliat  it  is  ^o 
.nuch  farther  away  that  it  sceiiis  to 
travel  rijjht  with  \ou.  It  is  ail  due  to 
the  fact  as  stated  .it  the  he.uimiinu  of 
his  answer,  thai  tin-  relative  positions 
)f  yourself  and  the  moon  are  onlv 
slightly  changed  as  \nu  iinnf  from 
jiiace  to  place,  so  sIjmIii  jn  f.iet  as  to 
;'i  pear  imjierceptihle. 


Is  There  a  Man  in  the  Moon? 

i  lie  niarkiiigs  wlnrh  \'.  e  sec  on  the 
face  of  the  moon  when  it  is  fvill  cm 
liy  ;i  strelih  of  the  imagination  he 
■aid  to  form  the  lace  of  a  man  (  )n 
^T'liie  nights  this  face  apjicars  to  he 
(;uite  (listjnct.  if.  however,  we  look  at 
tiic  moon  through  a  telescope,  we  sec 
fiiftinctly  that  it  is  not  the  face  of  a 
man.  Through  a  very  large  telescope 
ue  can  see  very  pl.iinly  that  the  marks 
,-ire  mmintains  and  craters  of  ext-nct 
■olcanoes.  It  just  happens  lh;it  these 
marks  on  the  moon,  aided  li\  tin-  re- 
flections of  the  light  from  the  sun. 
uhich  gives  the  moon  all  the  light  it 
Jias,  make  a  comhination  that  look? 
like  a   face. 


Does    the    Air    Surroundint?    the    Earth 
Move   With   It  ' 

1  his  is  one  of  the  old  jiuzzling  ijlles- 
tioiis  which  many  a  high-school  stu- 
dent has  had  to  struggle  with  to  il.r 
gieat  amusement  of  the  teacher  who 
asks  lor  the  information  and  such 
other  scholars  who  have  aheadv  had 
the  e.vperiencc  of  trying  to  soK  e   it. 

I'o  get  at  the  right  answer  sou  lia\e 
merely  t<i  ask  one  other  (|Uestioii.  1 1 
die  air  does  not  revohe  with  the  e.irtli. 
why  can't  I  go  up  in  ;i  halloon  at  Xew 
^'ork.  and  stay  up  liPiig  enough  idr  th< 
e.irtli  to  re\(iKe  on  its  axis  heneatli 
nie,  and  come  down  again  when  the 
c-ty  of  .S;in  l'>ancisc(j  ap]>ears  tmder 
the  halloon,  which  should  he  in  ah.nit 
four  hours?  If  that  were  ])os-  'ih-. 
tia\el  would  he  hotli  rapici  and  oin- 
lortahle.  for  then  u  e  c(juld  sit  (jUietU 
in  a  halloon  while  the  earth  traveling 
luneath  us  would  get  all  the  humiis. 

Xo.  the  atiiios])here  surrounding  the 
e.arth  moves  right  along  with  the  earth 
on  Its  axis.  If  it  ware  not  so,  the 
earth  wouM  prohalil_\-  hiirii  up — ,it 
least  no  li\ing  thing  could  remain  on 
it  —  since  the  friction  of  the  surface 
of  the  ,iir  against  the  snrf.ace  of  the 
e.-,rlll  would  clevelop  sn.-li  ;,  In.,-,]  that 
I'othing  Could  li\e  in  it. 

Why    Does   Oiling    the   Axle   Make    the 
Wheel  Turn  More  Easily  '. 

It    >-oii    look    al    wh.at   a])]iears   to   he 

a    pcrfrctl\    sii th    axle   on    a    hicycle 

or  motor  car  through  a  iiowerful  mag- 
nifying glass,  you  will  liiid  that  the 
surface  of  the  axle  is  not  smooth  at 
all.  as  you  may  h.axe  ihoughl.  Imt 
covered  with  what  appear  to  he  iniite 
large  Immp'^  or  irregularities  in  the 
siirf;:ce.  If  \  on  were  to  examiii''  tlir 
inside  of  lln-  liiih  oi'  \\n-  wheel  in  tlio 
same  way,  you  wouhl  hnd  that  it  also 
i<  like  tli.it.  Xow,  when  you  attempt 
to  turn  a  win-, -I  .,n  tlir  .axle  witlioiit 
oil,  these  little  irregul.irities  or  humps 
uriml  agaiti'^t  each  other,  producing 
what  we  call  friction.  .\s  friction  de- 
\elops  heat,  the  metal  of  the  axle  and 
the  huh  expand  and  the  wheel  gets 
^tiick. 
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What  Made  the  Mountains? 

I  Iktc-  i~  iKi  i|iu~tii'n  Imt  that  at  uno 
tiitii'  till-  ^iirl'aci'  lit  tlic  (.'artli  \\a> 
;-ltlii<itli.  1.  v..  tluTc  wiTc  no  tiii;  liilN  anil 
in  ik-(.'p  \-alk'_vs.  'I'hal  \va-  iKl'iirc  tlio 
niiitiiitaiii-.  wore  maik'.  Ilu-  laitli  \\a; 
a  hut  iiuiltrn  iiia-~  that  hfijan  tu  cnul 
I'll  from  ihr  mit-iilf  niwari!,  it  i-~  ,  ,11 
a  hilt  ini.lli.li  nia-'-  in^idr  tinla)'.  The 
i'lil-ii!r  rrn^t  lircanir  lamliT  ami  I'liiiK'i' 
an  1  ihc  rrn^t  lici-ainc  ilri|irr  ami  ilrcpcr 
all  tliv  mnr.  riu-n  uliiai  tlu  it  wmil'l 
he  a!)  I'rnptiiMi  nf  th.r  n-il-hnt  ina,--  iti- 
-iilr.  llu  rarth's  rni-t  until. 1  he  hnlm'il 
i.nt  in  Clinic  i.luc-  an.!  Miekeil  in  in 
I. tilers  anil  wi.uM  -ta\  that  \va>.  'I'he 
hi;li;eil  imt  j.laee  he.aine  a  ranLre  of 
inoitntaiiis  ami  the  --nekeil  in  |.laee  he- 
caiiie  a  valley.  Tlii^  ].riK'e>~  vent  on 
ha])]unin.!,'  over  .ami  over  :i,i;ain  until  tlie 
c  nt>l  ot'  the  earth  hi'eanie  lirinly  set. 
X'liKam.-  ratine. 1  -nine  nt  the^e  erni.- 
tinii-.  a~  aKn  iliil  earth. inake^.  There 
are  tnilav  urailual  I'lians^e-  nceiirrin5» 
whieli  to  a  eertaln  extent  ehanj,'e  the 
outsiile  ^urfaee  ni'  tl;e  earth,  ami  it  i-; 
IHK^ihle  that  uvw  nioinit.ain  ran,t,"'s  will 
he  prmht.'eil  in  thi-  wax 

What  Makes  the  Sea  Roar  ? 

The  rn.ir  nl"  the  >e.i  i--  a  ninveinent 
of  the  ^ea  whieli  ean^e^  the  ~anie  kind 
ot'  .air  \\,a\es  nr  --nnnil  wave'-  that  \nii 
ni.ake  when  \ mi  shout,  exeeptiniL;  that, 
of  cniii-e.  the  vthrations  ilo  not  oeeiir 
-n  i|iiuk]\-  ill  the  sea  aiiij.  tliereinre, 
ihe  -nuili!  prn.hl'.a'.l  i-  a  low  snuilil  It 
i.  nil  ilil'l'iTeiit  111  aiu'  -.iii-e  than  the 
■-aliie  iinisc  umiM  he  if  tlu'  -anie  .air 
wavt'-  entikl  he  prn.lneeil  on  the  laii.1 
;i\\av    Irnni  tlu'   u.iter. 

Why  Is  Fire  Hot? 

When  a  'ire  i-  li^h.leil  it  throw<  ott 
\' hat  ueeall  he.it  ra\-  or  wave^.  These 
waves  are  varv  iiiiuli  like  the  waves 
of  liylit  whieh  emiie  from  a  lu;ht  or  tiro 
or  the  air  waves  whieh  ]iroilii.ee  soumls. 
The  rays  of  lifjlit  ami  he.it  whieh  ennie 
ftoiii  the  sun  are  like  thi'  r.ays  of  liijht 
ainl  he.it  front  a  tire,  lle.it  is  of  two 
k'mls — heat  (iroper  whieh  is  resident 
in  the  hodv.  and  radiant  heat   whieh  is 


ihe  kiiM  wliuli  ,  nines  to  Us  from  the 
still  nr  irnni  a  lire.  Ihis  radiant  he.it 
is  lint  hi-.at  .at  ,ill.  lull  .a  inrin  of  wave 
rmtinii  thrnwii  mit  li\  the  \ihrations  in 
tlu'  ether.  'I'he  he.at  we  Ifel  is  the  seii- 
s.atinii  proilueeil  npi.ii  niir  skiii-  when 
it  ennies  in  eniit.ael  with  the  waves  i-re- 
.ateil  h\-  the  lire.  lie.it  w.is  fnrnierK- 
ihniiLjht  to  he  all  aettl.al  snlist.ame,  htiT 
we  kiinw  rmw  tli.it  r.idiant  lie.at  is 
Kiinwn  In  he  tile  eiierL;v  nl  hi'.at  tr.aiis- 
ferred  In  ihi'  ether  whieh  tills  .,11  of 
-p.aee  .and  is  in  .all  hodies  ,al~ii.  The 
lint  hiiih  whieh  sets  the  p.irtieles  of 
either  in  vihr.aiinn  .and  this  vihr.atii!!^ 
motion  in  the  fnrni  of  w,a\es  travels  in 
a'l  direetiniis.  When  the-e  \ihr,atiniis 
strike  .a.Ljaiiist  our  skin  the\'  prmhtee  a 
he.at  seiis.ation  :  strikiiii;  otlier  ohjeils 
t'.iese  vihrations  in.av  proditee  inste.i'l  of 
a  heat  seiis.ation,  either  ehetnie.al  aetinn 
nr  luniiiinsit\-.  This  is  diterniine.l  hv 
the  len.uth  of  the  vibratory  raws  in  eaeli 
e.ase. 

V/hen  I  Throw  a  Ball  Into  the  Air 
While  Walking.  Whv  Does  It  Follow 
Me? 

W  lien  Mill  tlirnw  a  h.all  iiitn  the  air 
while  iiiii\iiii;  \onr  body  f..rw,ard  or 
Iiaekw.ar.l.  eitlkT  slowly  or  fa-t.  tlie  hall 
part, ikes  ,,f  i\mi  nii  lions — the  mie  up- 
w.ird  .111.1  tlie  f.irw.ar.l  nr  h.i.-kw.ar.l  nin- 

tinl!  o|'  \i.lir  linil\-.  The  ll.lll  piissi'ssed 
lile    nintinll    ni    \iilir    Iinil\-    l.efnre    it    left 

\niir  li.aml  t.i  l;ii  np  iiitn  the  .air  hee.aiise 
\niir  hn.l\  w.is  iiin\in^  hefiire  Mill 
threw  It  lip,  an.l  the  hall  was  a  p.art  of 
\ .  .11  at  the  time. 

It  M.ii  .;re  iilo\ini;  forw.ard  up  to  the 
l-nie  \i.ii  iliniw  the  liall  into  the  air  an.l 
sto[i  .is  sniin  .is  yon  let  j,'o  of  the  hall, 
it  will  l.ill  at  some  disf.anee  fmin  vnn. 
.Msii  if  Mill  thr.iw'  the  hall  np  fmm  ;i 
st.andiiii:  pnsiiinii  .an.l  mine  fnrward  .as 
sunn  .IS  the  hall  le.ives  Miiir  lian.l  the 
h.all  will  tall  heliiml  you.  pro\iiled  Mm 
a.-tn  dh'  threw    it   strai<,dit  up. 

(  >f  eoiirse,  vmi  know  th.at  the  earth 
is  niiwini;  iii.iiu  miles  pvr  liniir  on  its 
.axis  ,aml  that  when  vmi  thro\v  a  h.all 
straiidit  into  tlu-  .air  finiii  .a  st.iiiilinrf 
position,  the  earth  .ami  yourself  as  well 
as  the  h.ill  move  witli  the  earth  a  loiip^ 
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I'i-taiicc  lii'fori'  till'  !■  11  idiik-'  ilowii 
.'I'.iiii.  TIk'  rolativf  iiosition  i>,  lunv- 
cvir.  ilic  >ain''.  W'l.'  avX  our  sotisf  of 
motion  hy  a  oinnparison  with  otlur  nh- 
jccts.  1 1  you  arc  iu  a  train  that  i' 
niovini,'  -uiltlv  and  anotlier  train  j^oes 
hy  in  till-  o]iiiuNiti.'  ilirirtion  uiovinj;  jusi 
.'.s  last,  you  si'cni  to  l)v  yoins;  twice  as 
f.'st  as  you  really  an-.  It  the  train  on 
tlu'  otJKT  track,  however,  is  fjoini;  at  the 
^anie  rale  of  ^peeil  and  in  the  same  ih- 
rntion  as  \ou  are,  you  will  appear  to 
lie  ^tandinL,'  ■-till. 

( ioinj;  hack  to  the  hall  aj^ain.  \c>n  will 
I'lnd  th.it  it  .ilw.iy--  partakes  of  the  nio- 
liiin  of  the  liodx  hiildint;  it  in  addition 
t'.  the  motion  i;i\eii  when  it  i^  thrown 
"I'- 

What  Good  Are  the  Lines  On  the  Palms 
of   Our  Hands  ■ 

It  cannot  he  >.iid  that  the  lines  on  the 
p.-.lms  of  our  hands  are  of  any  jjre.it 
-irvice  to  us.  Indeed  it  is  douhtful  if 
they  .ireof  any  value  in  themselves,  out- 
side of  the  possihle  aid  they  may  he  in 
lulpiiiL;  n^  to  determine  the  character 
if  the  --urface  of  thin<;s  which  we 
j,'r;is|)  or  tmich.  It  is  pos>il)le  that  they 
.•lid  in  some  slight  dei;ree  iu  thi>  w;iy. 
riure  is  little  dollht,  however,  th.it  they 
are  a  result  of  the  work  the  hands  are 
constantly  called  uiion  to  do  r.ither  than 
contrived  for  .any  particular  service. 
The  hahitu;d  tendency  of  tile  tin,t;er>  in 
^'r.i-piiii,'  ,ini|  holdini;  thiniL;s  throws  the 
-kin  of  the  palms  into  creases  which 
lhrou.L;li  freiiueiit  repetition  make  the 
I'ues  of  the  i).ilnis  permanent  in  sever.d 
'"■■t.iiices. 

I  he  peculiaritie-  of  the>e  line-  or 
'  irase-  in  various  individiiaK  ,1-  to  de- 
t.iils  and  leni,'th  and  v.iriation-  i>  the 
iliief  li,i-i-  of  the  so-called  -cieuce  of 
I'.ilmistry. 

V.'hal  Makes  Things  Whirl  Round  When 
I  Am   Dizzy '. 

The  medical  term  that  docrihe^  this 
condition  of  turning  or  whirling  is  ver- 
tiiro,  which  iiie.ans  in  simple  Iaii)juas,e 
"to  turn."  riierc  are  two  kinds  of 
dizziness — one  where  the  objects  about 


us  seem  tn  he  linnin;;  round  and  rnniiil 
;md  the  other  where  the  per-on  who  is 
il'zzy  seem-  lo  hini-elf  to  he  turnins; 
rmind  .and   round. 

<  >iie  cause  of  ihi>  i.-  due  to  the  fact 
tli.it  when  you  are  dizzy  the  eves  are  not 
in  com]ilete  control  of  the  lir.iin  and  the 
eyes  movini;  indepetidentlv  of  e.ich 
other  look  iu  different  iliri'ctions  and 
produce  this  turniui,'  elTect  on  the  hraiii. 
since  each  eye  then  sends  a  dil'fereiit 
iii'.pression   to   the   brain   inst.intlv. 

The  priiuijial  c;iii>e  of  the  sense  of 
•  I'zziness  is,  however,  the  little  orsj-an 
which  j;ives  us  our  juiwir  to  b.dancc 
ii;d  which  is  located  iie.ir  the  ears. 
Sometimes  this  ori,'.in  becomes  diseased 
and  |ieo])le  allected  in  thi-  w.iv  ,ire  al- 
most continually  rlizzy.  Wheiuver  this 
orj^'an  of  bal.ince  is  disturlud  we  lose 
our  idea  of  balance  and  the  turnini,'  sen- 
-.'tion  occurs. 

It  is  easy  to  n  ,!  our-elf  dizzy.  .Ml 
you  do  is  to  tun  d  a  few  times  in 

the  same  directii  .ii.;  sto|i.  In  doinj,' 
this  you  disturb  the  litt:  ■  or^'.in  of  bal- 
ance and  tliinj,'S  be.<,'iii  m  turn  ajijiar- 
cntly  before  vour  e>e-.  1 '"  mui  turn  the 
iither  way  sou  ri;.;ht  mail  t-  ac.iin  or 
if  yiiu  just  >tand  still  m.itter,  will  riL;ht 
thems.-lves.  There  is  no  ),'re.it  harm  in 
m.ikinir  your'-cif  di/zv  and  verv  little 
fr.n. 

Why    Are    the    Complexions    of    Some 
People  Light  and  Others  Dark? 

Ibis  ditterence  in  the  complexions 
of  pei)i)le  is  due  to  the  varvini;  .imounts 
of  |)i<;nient  or  colorini,'  material  in  the 
cells  of  which  the  skins  of  all  .ininial- 
is  made  uji.  Wry  li.L;lit  people  have 
very  little  |ii!,Muent;  very  dark  ])eoplc, 
those  with  d.irk  eves  and  black  hair. 
lia\e  a  ijreat  de.il  of  this  colorini;  in;i- 
■-eri.il  in  their  cell-.  .\  <,'reat  m.inv 
|ieo|)le  are  neither  li.i;ht  or  verv  dark, 
lliey  have  less  than  tile  d.irk-complex- 
idued  people  and  more  than  the  li'^dit- 
comiilexioned  peojile.  When  the  hair 
turns  f,'ra\  it  is  because  the  ])ii:ment  has 
disa|)|ieareil.  .\s  this  is  due  to  the  loss 
of  this  colorins;  material,  dark-comidex- 
loned  jieople  turn  j,'r.iy  sooner  than 
light-comple.xioned  people.      The  -true- 
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tiirc  (if  tlif  >kiii  show  iiij;  Iiow  tliL-sc  cells 
;irc  iiiadr  in  l.-iytTs  can  lit-  seen  iiy  ex- 
amining;  tin-  ^Kin   with  a  niicr()scoi)e. 

What  Makrs  Me  I.red? 

Min  were  w  ron;;  fur  a  long  time  in 
tlieir  eonehisions  as  to  what  |)roihu"e<I 
the  tireil  feelinj;  in  us. 

We  know  now  that  every  activii\  of 
onr  iioily  rejjisters  itself  on  the  hrain. 
When  we  move  an  arm  or  lei;  a  >,'reat 
many  times  \vc  soon  feel  tireil.  ICvery 
time  yon  move  your  arm  the  movement 
is  retjistered  in  the  brain,  ami  after  a 
nunihcr  of  these  movements  are  rejjis- 
tereil  the  tin.il  feeliiif;  in  the  arm  a()- 
jiears.  It  is  saiil  that  every  movement 
ol  any  ]>art  of  the  1  ody  re.illy  produces 
cirtain  defective  cills  and  th.it  these 
accumukite  in  the  lilood.  When  tiieso 
riach  a  certain  mimher  the  tired  feelina 
t.'.kes  ])os-.ession  of  us,  ami  when  we 
rest,  the  hlood  under  the  piid.iiice  of 
the  hrain.  jjoes  to  work  and  rehuilds 
these  dele.tive  cells.  We  know  that  :i 
chani,'e  takes  [)l,ice  in  the  hlood  when 
we  become  tired  heciuse.  if  you  take 
-onie  of  the  hlood  from  an  animal  that 
sliows  tnunistakalile  sii;ns  of  fatiijue 
and  inject  it  into  an  animal  that  shows 
no  tired  feelin.i,'  at  all,  the  second  am'mal 
will  tic'jin  to  ^how  sii;ns  of  fatij:rue 
i-\  en  ihiiiiLjh  il  is  niil  arli\  e  at  .ilL 

We  nst.l  to  think  that  heint;  tired  iu- 
d  rated  that  our  hodies  were  in  need  of 
food  and  that  the  way  to  overcome  it 
was  to  eat  a  l.i;,'  meal.  We  did  not  stop 
to  think  th.it  even  when  we  are  hunijry 
the  human  liod\  has  sntTicient  food  sup- 
jily  storeil  up  to  keej>  it  .sjoinij  for  days 
without  takincT  in  new  food.  (If  course, 
tl'.is  mistake  was  made  because  we  knew 
that  our  power  and  cncrijy  came  as  a 
result  of  the  fnoil  we  took  into  our 
systems,  but  this  belief  was  exploded 
when  it  was  found  that  a  really  tired 
pr.son  could  hardly  digest  food  while 
tired,  and  that  it  is  best  for  people 
who  are  very  tired  to  eat  only  a  light 
meal. 

Why  Are  Most  People  Right-Handed? 

Most  people  are  right-handed  because 
they  are  trained  that  \va\'     Rcing  riglit- 


iianded  or  left-handed  depends  largelv 
on  how  we  get  started  in  that  connec- 
tion. When  we  are  young  ve  f  inn  the 
habit  gener.ally  of  being  ei:her  right- 
banded  or  left-handed,  as  the  case  iuav 
be.  .Most  jieople  correct  their  childreii 
when  it  appears  they  are  likely  to  be- 
come left-handed,  as  we  h.ive  come  to 
lliink  th.it  it  is  better  to  be  ri<;ht-handed 
than  left,  and  that  is  the  re.ison  whv 
most  Jieople  are  right-banded.  .\s  a 
matter  of  fact,  if  we  were  traineil  per- 
fectly, we  should  all  be  both  riuht- 
handed  and  left-bandeil  .also.  Some 
I'eoplc  are  so  traineil  and.  when  we 
refer  to  their  ability  to  do  things  eijuallv 
well  with  both  h.uids  and  wisji  to  bring 
out  tills  f.ict.  we  say  they  are  anibi- 
dextrou-.  It  is  not  u.atural  th.-it  one 
h;ind  shoulrl  he  trained  to  .jo  ihint,s 
while  the  other  is  not. 


Why  Are  Some  Faculties  Stronger  Tlian 
Others? 

Ml  of  our  senses  are  capable  of  oeiiig 
developed  so  that  our  ability  along  these 
lines  would  be  about  ei|n.d.  The  trouble 
is  th.at  we  soon  begin  to  develop  one  or 
more  of  our  f.aculties  in  an  unusual 
manner  at  the  expense  of  the  develop- 
nunt  of  others.  .Manv  people  havi-  :i 
Imcikt  seusi-  of  (iliserv.ation  than  otuers 
because  they  iia\e  h.id  more  am!  better 
training  along  tli.it  line.  It  is  :\  pii\ 
that  more  attemion  is  not  given  to  the 
ilevelopment  of  the  power  of  observa- 
tion in  children,  because  it  is  one  of  the 
most  valuable  accomplishments  that  we 
can  possess  ourselves  of.  With  the 
siiisc  of  observation  developed  to  tiie 
highest  degree,  many  of  the  other  f.acul- 
ties need  ..ot  be  developed  so  strongK 
because,  if  we  notice  every  thing  tliat 
it  is  possible  for  us  to  see.  we  do  not 
have  the  need  of  the  development  of 
other  powers  to  the  same  extent. 

It  is  .said  that  it  would  be  possible 
to  so  train  an  infant  and  bring  him  up 
to  maturity  with  a!!  h.is  faculties  de- 
veloped and  in  practically  an  even  wav. 
If  we  did  that  we  would  have  a  won- 
■ierfullv    inlelligent    being 
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pl.iti  - 


The  St()r>    in   a  Cup  and  Saucer 


Manv 

aru  rc'(|ni 
«liii-h    >■ 

li'calitics 
I  .iKilina 
ironi  nil 
racic  ai'ii 
In-cany. 
SaNnin  . 
tlu'-f  anil 


ifl'iriiit  kin  Isoi'  raw  matiiials 

rid  III  |ir(i(luot'  the  c'a\    fr'Mii 

in  I  i<    liirnu- 1.  and   tlu'sc  in 

inim-   fr'>:n   wiikK    -I'liaralid 

Clays   from   Florida,   North 

lornwall   ami    Devon.      I'linl 

niii<   ami    Pennsylvania.      I'.d 

fnini  the  Mnjave  Desert  and 

(  111)  dl    fnuii    <  >ntario    an.l 

lel('-i>ar    from    Maine.      .Ml 

mure  nm-t  enter  into  the  mak- 


Criiid.r-  for  nilii.  ii  k  vljzirK  materia 


These  material- 
I'liuder  and   <t'ired 


are  redneed  to  tine 
in  liui^e  hins.  lie- 
tween  thc-e  hins.  (in  a  traek  proviikvi 
inr  the  piirposi",  the  workmen  push  a 
car  which  hears  a  great  hox.  I'nder 
this  hox  i>  a  scale  for  wei^'hing  the  ex- 
act amoinit  of  eacli  infjredient  as  it  is 
put  in,  fur  1(11)  nnicii  of  one  kind  of  clav 
or  ton  little  of  another  wonhl  serionsK- 
impair  the  .|Uality  of  the  fini-h(_'(!  cliina 


Irom  hin  to  hin  thi>  car  Roe-,  gathcr- 
ini;  up  so  many  po,.,ids  of  this  m.iteri.il 
and  so  many  ponnds  of  that,  until  it- 
load  is  complete.  Then  it  is  dumped 
into  one  of  the  pre.it  roimd  tanks  called 
"hlum^'er-."      where      hi"      cIci-iricalK 


-Mill  I'.ir  [•iiUiri,:im  nal  ri.il-- 

driven  |iadi|les  mix  it  with  w.iter  imti! 
it  has  the  consistency  of  thick  cream. 
I-Vom  the  hiuufjers  this  iliipiid  mas- 
passes  into  another  and  still  larger  tank, 
called  a  "rou.ijh  agitator."  ,ind  is  there 
kept  constantly  in  motion  until  it  i- 
released  to  run  in  a  stead v  stream  over 
tile    'sifters." 

These  sifters  are  vihratini:  tahlc-  of 
tmest    silk    laun,    vcr\-    much    like    that 
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used  i(.ir  Ixiltiiij;  llour  al  l!ic  mill.-.  I'lic 
matt'ri.il  tor  eliitta  m.ikiiij,^  strains 
thr<iui:h  the  ■^ilk,  while  the  refii--e,  in 
chuling  all  toreiijn  matter,  little  lumps, 
ite.,  runs  into  a  waste  trough  anil  i- 
thrown    away.      l-'rom    the   sifter-    th  ■ 

juid  passes  through  a  square  box  Hki 
..iiitc,  in  which  are  jilaced  a  mimbei 
of  larjjc  liorseshoe  masjnets,  wliicli  it 
tract  to  tliemselves  and  I'old  any  pai- 
ticles  of  iiarinful  niii.erals  which  iua\ 
he  in  the  mistnre. 

.\fter  leavin,ii  the  mai^mets  the  tliii.l 
is  free  from  impurities,  and  is  dis 
char.;ed  into  another  Iniire  t.uik  called 
the  "smooth  a.i,Mt;itor."  While  the  lluid 
i>  in  this  i  (uk  a  numher  ni  paddles  kcp 
it  con>tantlv  in  nn'tion. 


l'ris>in^'   ilH    welter  ironi  ilir  ,  l.iy. 

From  tile  -m(p(.tli  agitator  the  nn\-- 
tiire  is  forced  iinilcr  lii'_;h  pressure  int.. 
n  press  where  a  peculiar  arrangement 
of  -teel  cliamlurs  packed  with  heavy 
c.invas  allow  s  ilie  water  to  escape,  til- 
lered juire  and  <'Kar,  hiii  retains  the  rla\- 
in  discs  or  leaves  weighiu!;,^  alwul  thirty 
poumis  each.  From  the  pres-es  thi- 
damp  clay  is  taken  out  to  the  "pu;: 
mills,"  where  it  is  all  ground  up  to- 
gether, reduced  to  a  uniform  consist 
encv,  and  cut  into  l)locks  of  convenient 
size.  It  is  now  ready  tri  u-e.  Antu 
matic  elevators  carry  it  to  the  work- 
men upstairs. 

The  e.x'act  process  nf  handliu:,^  the 
clav  di Iters  with  article-  of  dilTerent 
-h.apes.  Some  are  molded  bv  hand  in 
pltister  of  paris  molds  of  projier  shape, 
^^:l!:e  --ihers  are  for:"cd  by  ••nacbinc. 
To  niake  a  plate,  for  example,  the  work- 
man takes  a  lum])  of  clay  as  large  as 
a  teacu]!.     He  lavs  this  on  a  llat  stone, 


■  md    with   a   larL;e,    round,    tlal    weight, 
strikes  it  n  Vilow   which  llattens  the  m.i 
teri.il  out  until  il  re-etuhles  di>U''li  rol'ed 


.Muldiiii;   |i|.-Ik-.     -Ilir  r.i.  k-   1.. 
of  mol(l=  on  wliii  h  ilu-  <  l.iv 


i-  ilrvi 


out  for  cake  or  bi-cuit.s,  only  instead  (jf 
being  white  or  yellow  it  is  of  a  dark 
L^ray  color.  .\  hard,  smooth  mol  I  ex- 
actly the  size  and  shape  of  the  inside 
of  the  plate  is  at  hand.  Over  this  the 
workman  claps  the  tlat  piece  of  damp 
clay.  Then  the  mold  is  passed  on  to 
another  workman,  who  stand-  before 
;i  ra|iidly  revolving  pecle-tal,  common- 
Iv  known  as  the  potter's  wheel.  *  h\ 
tliis  wheel  lie  places  the  mold  and  its 
la\c;-  of  claw  lie  then  pulls  down  a 
K\cr    to     w  iii-li     i~     atlaclu-d     a     -tt'cl 


m      (.   M'     «       '''-:''-^*  *'^  « 

V 

,     .> 

Miikiinj;  suyar  bowl.<  and  covered  di^he-. 

-craper.  As  the  ])late  rapidlv  revolves, 
t:ii:  ;viiti-ci  uiU;  .;'.\a\  iiic  sU!iiu;:>  ciav, 
and  gives  to  the  back  of  the  plate  its 
firoper  form.  The  jilate,  -till  in  its 
mold,   is   placed   on   a  long   board,  to- 
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.i,a-tIiL-r    u:;.,   .,    ;.,,i,..,ii    ,,i    ..(.iii-.   .iii.i 
>lmvt(l  into  a  nick  to  dry.     ( )tU'  work 
man  with  two  liclpers  will  make  J,-UJO 
plates    per   (lav.      It    is    laM-iiiilinjj   to 
witi-h  tile  niul.lers'  deft  hands  at  work 


I'lH    o'    ilnil,     ve,Mt\     iiMuu',    and    i> 
known  as  l)ist|iie  ware. 

In  order  to  -jive  it  a  >niooth,  hij,'h 
tini>h,  the  |>late  is  next  dipped  into  a 
sohition  of  wliite  lead,  borax  ami  silica. 


>wifi!\    chanu'inf;  a   mass  of  clav   into       ■       ,     ,        ,  •        ... 

I-eneJlK    .urmed  dishes.     Such  skilled      '''■'^•''- P.'-'^>''1  •" --i  1<'1"  ■''"'1  ^ttT'in  baked. 

workmen  are  natiirallv  well  paid.  W  he  •   it   is  taken   out    lor   the   secoti.l 

time  it  has  aopiired  that  beautiful 
{Cl.ize  which  so  deli^'hts  the  eve.  In 
this  condition  it  i^  known  as  '"plain 
uiiite  ware."  and  is  linished,  unless 
some  decoration  is  to  be  added. 

Most  people  .ire  siirpri>ed  to  learn 
that  the  greater  part  of  the  -old  which 
adorns  dishes  is  put  on  by  a  siinpK' 
rubber  stamj).  Two  jirep.iratioiis  oi' 
.;,'old  are  used.  (  Mie  i-  a  comnurci.il 
-oltitinn  called  •■|ii|uid  briijlit  .i^oM,"  the 
otiier  i-  very  expen-ive,  and  i.s  simplv 
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Interior  pf  a  kiln  ^ilm^ill^  Imw  lii        Nal;^,■r~ 
an-  pa.  ki'd  for  firing. 

\\'!k-ii  tlie  clay  is  snrticiently  drv,  tlu 
j>lale  i-  taken  from  it-  mold,  the  ediji 
.smoothed  and  rounded,  and  any  miiiM 
<Iefect-  remedied.  It  is  then  placed  w, 
an  oval  -Iiaped  cl  ly  receptac'e  called 
"saiTKer."  toj;ether  with  ;ibo:it  t  A  (. 
dozen  of  it-  fellows,  packed  in  line 
.'^and.  and  pl.iced  in  one  of  the  furnaces 
(jr  kiln>.  K.ach  kiln  will  contain  on  an 
average  two  thousand  saij'^ers.  Wlicn 
the  kiln  is  full  the  doorway  is  closed 
and  plastered  with  cl.iy,  the  fires 
>t;irti(!.  an<l  the  tiishes  subj-jcted  to  ter- 
rific heat  !"or  a  period  of  forty-ei'_'ht 
hours.  'The  fuel  used  is  natural  jijas. 
piped  one  hundred  miles  from  wellv 
J.OOf)  feet  decji.  X.itnral  i^-as  srives  an 
inleii-e  heat,  and  yet  is  alwavs  under 
perfect  control — features  which  are 
vital  in  prodncine  unifoni'.lv  i'nrn] 
chiin. 

When  the  plate  is  taken  from  the  kiln 
after  the  first  baking,  it  is  pure  white, 


llii-  ili  'u>  lr..ni   .1    kiln 


iioUl  bullion  melted  down  with  acids  to 
tlie   riu:lu  consist enci' 

Decoraiin-,'  in  color;;  is  now  done  al- 
most exclusivelv  by  decalcomani.i  art 
transfers.  These  are  made  principally 
in   luirope. 

\flcr  the  ijolcl  ;i!ul  color,  are  ap- 
I'lieil,  the  China  must  ajrain  jjo  throu^di 
the  oven's  he  it  for  a  period  of  t\velve 
hour-.  Then  the  piece  finished  at  last. 
is  readv  to  irrace  your  tab'e.  The  Hull 
pray  clay  has  become  beantifullv  fin- 
ished china,  which  will  delight  alike  the 
housekeeper  and  her  t^iests. 
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How  Do  Birds  Find  Their  Way  f 

I  lie  1111)^1  iiitiTotiiiL;  lilia>-c  dl"  tin- 
niovi-iiii-nt  (ii  aiiinwiK  I'rom  jilaco  t" 
|il.n'i-  i-  I'lniml  in  tlu'  rti;,'lii  ni  hircN 
liuriiij,'  llir  >|iriiij;  ami  tall  In  lIi'- 
^jiriiij,'  tlu-  liinN  loiiie  iiorili  ami  in  tlu- 
fall  tlu'V  n"  smith.  'I'liir  is  i-alU'iI  "iiii- 
t,rati()n"  ainl  tlic  rcasim  (jivcn  for  thi' 
ability  ni  mimic  hints  to  conn-  haik 
I'vcry  yi'ar  to  hiiill  a  iifst  in  tlu'  same 
tui-  is  nsiially  attrihuti-cl  to  thf  "iti- 
■-liiu-t  of  mijjration,"  and  yi't  that  is 
irorc  a  stati'iiK-nt  of  fact  ratluT  than 
ail  cx|)laiialifm  of  tlir  wondtrfiil 
aliilily  of  tin-  liinls  to  do  this. 

Hinv    Dors    a    Captain    Steer    His    Ship 
Ai  ro<s    the    Ocean  '. 

Man.    the    most     intclliijiMit     animal. 

ill  also  t'lnd  his  way  ahoiit,  hut  Ik' 
has  had  to  learn  to  do  this  step  by 
step.  Wlu'ii  an  explorer  first  travels 
into  the  niiexplored  forest,  he  carries  a 
compass  which  tells  him  in  what  di- 
rection he  i^  tra\eliiii;,  hut  this  i'.  not 
^iilticietit  to  tell  him  the  exact  iiath  he 
cr.me  and  niurn  the  ^ame  \\a\  In 
order  ih.it  he  may  <lo  this,  he  mu~t 
ii'akt'  mark-  on  the  trees  and  other 
object^  to  I'nid  his  wav  back.  When 
these  marks  are  'uce  made,  ntlur  nun 
c;:n  follow  the  p.itli  by  their  aid.  and 
e\entiially  a  path  becomes  wntn  -o 
that  nii'i!  c;in  thid  their  \\a\  bavk  and 
forth  without  the  aicl  of  the  inark^ 
especially. 

.\  trained  >hiii  captain  can  take  hi^ 
-hip  from  ;mv  port  in  the  world  ti>  .m- 
oiher  port,  lie  can  start  at  N'eu  N'ork 
t  ity  and  in  a  j^dven  number  of  days, 
accordiii','  to  how  fast  his  ship  can 
travel,  land  his  passenijers  and  car^o  in 
llie  piirt  of  I.onio'  or  lohannesbiiri,'. 
.~^i'nili  \frica,  or  .it  riiiv  desired  port  in 
<  liina.    Ja])aii    or    any    other    countrv 

I'.ut  he  cannot  do  this  by  an\  kind  'if 
i.iStinct.  He  takes  his  direction-  fruin 
information  that  w.is  furni-hed  him 
bv  some  one  who  went  that  wav  befnre 
liini — some  dtlur  ca]i1ain  of  .a  \e-.sel 
who  made  iii,iii\>  in  in-  imnk  oi  ill- 
position  in  relation  to  the  -un  and 
sf  "s.  This  is  practically  the  same  as 
the   traveler   in   the    forest   who   made 


mark-  on  ilie  tree-  to  make  a  m.ip  "i 
the  way  back  and  forth,  liven  with 
these  chart--,  compasses  and  other 
Ulliiliii),'  marks,  however,  m.iii,  even 
iIioukIi  Iu'  is  the  most  ititelhtjetil  of  all 
the  animals,  m.ikes  \ery  j,'rav»'  mis- 
takes ami  sometimes  hriiij^s  disaster 
upon  himself  and  the  live-  in  his  care. 

Why  the  Buds  Come  Back  in  Spring? 

The  birds,  however,  have  no  charts 
oi  coinjiasses  to  jjuide  them.  We  do 
not  know  as  yet  absohitel)  what  it  is 
lli.it  en.ibles  the  bird  to  liiid  its  way 
b.ick  and  forth  to  the  s.inie  spot  ye.ar 
.ifter  year.  .\s  nearly  as  we  have  been 
.dile  to  ascertain,  the  birds  after  thev 
mate  and  build  their  tir-t  nest  and 
brim,'  up  their  first  f.imilv.  <leveloii  a 
fonilness  for  that  particular  sjiot 
which  is  nuuh  the  s.ime  ;is  the  instinct 
in  man  which  we  call  the  "honiinj;  in- 
stinct." .M.in  becomes  attached  to  one 
particular  -pot  which  he  calls  iiome 
.md  wluTrxcr  he  is  there.'ifter,  he  is 
very  likely  to  think  of  the  ol  1  loc.ditv 
vJu-n  he  ihiiik-  of  home,  and  there  are 
MTy  lew  of  II-  but  h.ave  vi-;irnini:s  to 
i;o  back  to  the  old  "home  localitv" 
every  now  and  then.  The  emiromnent 
in  which  ;i  bird  or  hum.an  beiiii;  is 
brought  up  i;enerally  becomes  to  a 
^,'reatrr  or  K--  extent  .i  |ierni;uient 
li.'Tt   ol    him   m   ihi-   -cn-r. 

Why  Do  Birds  Go  South  lu  Winter  ? 

We  know  \\!i\  bird-  .yo  -onth  in  the 
unncr.  The  necessit)'  of  rmdiiis,'  fom! 
lo  live  n])on  h;is  everythin;,'  to  (|o  with 
that.  A-  loud  prow's  scarce  towards 
the  end  nf  summer  in  the  farthest 
iiorthcrn  jilacc-  where  birds  live,  tin- 
l.-rds  there  nui-t  :in<l  food  el-ewhere. 
i'luy  nalurall\  turn  south  and  when 
thev  find  fund,  they  have  to  diviile 
with  llic  bird-  li\int:  there.  The  re- 
-iilt  I-  th.it  -oon  the  food  becomes 
-carce  .iL;.iin  and  Imth  the  new-comers 
and  the  uM  residents,  so  to  s|ie;ik,  are 
forced  lo  -eek  places  where  food  is 
pieniiiui.  .-~o  iimii  of  these  flocks,  to 
use  a  short  term,  tly  ,iwn\-  to  the  south 
mitil  they  tnul  food  attain  and  en- 
counter a  third  flock  or  .trroup  of  the 
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liir.l  i.iinily  i-n.w.linj;  tlu'  l..i;ilitv  ami 
f\liaii>iiiij;  till-  f,„,,l  Mipply.  So  ill  turn 
f.'ili  Hoik  prcssi's  tor  idiiil  tiimii  tin- 
•  IK-  ill  till-  loialitv  iii-xt  funliiT  t.)  ilio 
south  until  wi-  have  a  j;iiKTal  niovo- 
iiKiit  to  the  Miiitii  i,f  praitiialK  all 
Il'f  hir.ls  until  tluv  n-aih  a  j..,inl 
Winn-  till'  fcMHl  Mtppiy  is  Miflicinil  lor 
.•ill    lor  the  time   licini;. 

Why  Don't  the  Birds  Stay  South  ? 

Ilk-  riMilt  oi'  all  ihjx  i>  lint  till- 
-oiith-laii-l  i>  crowdid  wjil,  l.jr.ls  of  all 
kiiitls  aii.l  till'  tooil  su|p|ily  is  I'lioii.ijh 
for  all.  I'.ut  soon  in  lollowitij,'  the 
l.iNVs  of  naltirc  in  Iiinis,  a>  in  diIkt 
hviii),'  lliinj.'>.  conn-  the  tinif  for 
brocdiiiK.  Till  •.outh-laml  is  warm 
tnmijjh  for  nt'stiiij,'  and  hatohim;.  Imt 
It  IS  so  crowded  that  there  wonldirt 
Ic  enrnigh  food  for  .ill  the  old  l.irds 
and  the  little  ones  too  and  m)  the  liirds 
hit,nn  to  scatter  afiaiii.  JuM  think  of 
whatwduld  hapiien  in  the' M.nth  land  it 
all  the  hirds  that  stay  there  in  the  win- 
ter Imilt  their  tiests  there  and  hroufjht 
up  a  new  family.  A  hird  faniilv  will 
.■ueraj,'e  four  youiiij  binls,  so  that  if 
all  the  hird  families  were  horn  and 
n  ised  in  the  south  the  hird  population 
would  (|uickly  imilti(ily  itself  hv  three 
and  there  wciuld  he  the  same  iild  ne- 
cessity of  travelins;  away  to  look  for 
food.  To  avniil  this  the  hirds  heijin 
to  -catter  to  their  oM  homes  heforc 
the  lireedinu  season  hev'ins. 

How  Do  They  Find  the  Ohl  Home? 

Ilir  relKrii  iif  the  hird-  to  their  nM 
homes  and  how  they  tind  their  wav 
Ijack  to  the  same  spot  every  year,  to 
t\(>  which  they  must  sometimes  travel 
thousaiKls  of  miles,  is  one  of  the  most 
marvelous  thin.i,'s  in  nature  and  has 
not  as  yet  heeii  satisfactorilv  deter- 
U'ined.  The  nearest  a|.pro;ich  we  h.ive 
to  a  satis f.ictory  answer  to  this  is  that 
birds  do  have  a  niemorv,  lli.-it  they  e.in 
and  do  reco^'iiize  familiar  ohjects.  and 
that  their  love  for  the  oM  home  causes 
tlieni  to  Hv  to  th.e  north  unti!  thev 
■•rcoj^nize  the  Iaii<lm.irk>  of  their 
fi'rnier  lialiilatii  .n.  In  ihj,  \t  j^  ^.,iii 
that    llie   older   hirds — those   who   have 


,1,'one    ;1,.,;    „.,»    i,u..n     -le.id    ihr    tio.  ks 

;'ii<l  show  the  way. 

There  is  no  douht  that  hirds  have  a 
norc  |)erfect  instinct  of  ilirection  than 
man.  'I'liey  can  follow  a  line  of  loiijrj- 
tiide  almost  perfectly,  i.e.,  they  fan 
pick  out  the  shorter  route  by  instinct, 
.iiicl  this  is,  of  course,  ,i  str,ii),'lit  line. 
I  hey  just  keep  oil  Kiiiiit,'  until  thev 
loiiie  to  the  familiar  place  thev  call 
home  and  then  they  stop  and' build 
their  nests  That  it  is  not  memory 
and  sij,dit  of  jilaces  alone  that  ^'uides 
the  birds  is  shown  by  the  fact  that 
>-(.me  birds  when  niifjr.itinjj  fly  all 
iiiKlit  when  there  is  no  liyht  by  whicli 
lo  rccojjnize  familiar  objects. 

Why  Do  Birds  Ging' 

I  lie    -on^>    ul    the   birds    is   ;i   part    of 
the    l.ne-m.ikin;,'.      The    male    hird    is 
ihe  ">inj,'er,"  as  we  c.ill  them  at  home, 
when   we  think   of   the  canary   in   the 
i.-.-,j,'e    near   us.      The    male    bird    sin,<,'s 
to  his  mate  to  charm  her  ;md  to   fur- 
ther   his    woointj.      This    wooinj,'   noes 
on   after   the   ejjj,''^   Ikivc   been    laid    in 
the    not    and    while    the    mother    binl 
is  keepin-;  them  warm  until  thev  hatch 
out,    hut    almost    instantaiieouslv    with 
the   birth   of   the   little  hirds,   the   son-: 
of  the  male  bird  is  hushed.     Take  the 
i-ase   of    the    nif;htinj;;ile.      For    weeks 
duriii};  the  period  of  nest-buildini;  and 
liatchini,'   he  charms   his   mate  ,ind    us 
with   the   beautiful   music   of    hi-    Inv, 
sons,'.        lUlt     as     -.,,(,,1     as     the     littU 
iMi;htiiijjales   com.-    fmni   the   vUii^.   the 
soun.ls     whicli     the    male    iii.<,'htint;ale 
iiiake-  .are  cli,iii.i,'ed  to  a  iL,"jtteral  cro.ik. 
which    ;ire    expressive    of    anxietv   and 
.ilarm,   in    yreat    contrast    to   thj'  sont; 
notes  of  his  wooiiijf,     .\nd  yet.  i;    \iin 
were    .it    this    period — just    after    the 
hirds    are    horn,    and    when    his    -(.n- 
chaii),'es — to  destroy  tlie  nest  and  con" 
lenls.    yon    wmilil    at    once    find     Mr. 
Xii,'htini:ale     return     to     his     heauiunl 
sont;  of  love  to  inspire  his  mate  to  help 
him    build    another   nest    and    .start    all 
over  .-n,'ain   to  raise  a   family. 

What  Causes  an  Arrow  to  Fly  ? 

it   is  lau-cd  by  \]w  p.iwer  ),'enerate(i 
when  you  Iwrnl  the  how  .and   strimr  of 
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lilt     liuv\    .llni    .llliiW    out    <>l    >ll,l|if.        I  ill 

linw  and  strinj;  have  tin-  i|t)ality  of 
liasticity  wliidi  imum--  a  riililiiT  liali 
I(»  Immiiuh'.  W'lu'ii  you  I'ori'f  anulitii;^' 
I'lastic  out  of  sha|K-.  this  i|Mahty  in  it 
makes  it  try  to  jjet  hack  to  it'-  natural 
shain-  i|iiickly.  hi  iloiuj,'  this  it  ait-- 
iti  thi-  ilinvtiou  which  will  lakt'  it  hack 
U'  its  normal  ^itapc  mo~t  iiiiickty.  Tlu' 
arrow  is  tix»'<l  on  tlic  ^triiiy  in  a  way 
that  will  nut  intirfiTc  with  the  how 
.111(1  string;  (,'cttinj;  l>ack  to  its  sh;iiic 
ami.  wln'ti  tiny  hoiincc  hack,  the  ar- 
row j;"i'^  with  it.  Tin-  real  cause  for 
the  arrow's  flijjht.  however,  comes  not 
trom  the  how.  hec.nuse  the  how  eaiuiot 
]tin  itself  out  of  shape,  hut  comes 
from  the  person  who  cause-  it  to  he 
out  of  shajie  .and.  therefore,  tlie  per- 
son who  pulls  the  --trini;  h.ick  really 
causes  the  arrow  to  fly. 


Why  Dn  Childrrn  Like  Candy  7 

I  iiiidrcii  cra\c  caiiil\  lieciuse  the 
-iiUiir  which  it  contains  lart;el\  is  in 
-iicli  a  Condition  that  it  is  the  ino>t 
-iiited  of  all  our  fofxls  for  <|uick  usp 
l.\  the  hody.  It  is  actuall)  tunud  in- 
I'  real  eneri;v  within  a  few  minutes 
alter   it    i^   e.iteii. 

Ail  tlu-  tliiiit;-  we  e;it  arc  fur  the 
I  iiriio-f  of  supplyiti},'  eneri;y  to  our 
liu,lii.'s  ti)  replace  the  eneri,'y  th.it  our 
dailv  .activities  h.ive  dissipated  N'.iture 
t  iKv-  the  valu.ihle  p.irts  of  the  foods 
\M  'T  Mid  ihanu'cs  them  into  eneri;y. 
I  ht  «.i-tc  narts  she  throws  ofT.  M:u)y 
tli.njjs  we  eat  have  little  re:d  value  as 
f(i  d  and  in.'iiiy  .also  nature  has  to 
v  ork  •.•;>oii  a  loiii;  time  hefore  their 
f  od  V'.lue  is  .'i\  il.ihle  in  iiuT^v 
S'.igar.  ho'.-ever,  represents  alinus'  i-n- 
ergy    it -elf. 

Children  .are.  of  coiir--c.  more  .ictivc 
lli.in  >;rowti-nps.  They  arc  never  still 
■JIicv  are.  therefore,  ■ilmo'-t  aUv.ays 
I'liniJni,'  up  iir  ii-iiv.,'  up  tluir  ciuTi^v. 
I  lu\-    arc    ;iKi>.    tin  rrfure.    .ilnio'-t    al- 

\\,-i\-  in  mid  of   food  tli.it  cm  he  made 
:...: _ .1 ..,.-  .1 il,;.-   •,!. 

ttrttj    vt".i^_v.    ' ■ .■"      ■■ 

niost  more  (|uickly  than  an\  nihcr  tnud 
n.-iture  teaches  the  children  to  like 
C^illdv   ur   sweets. 


Why    Does    Eat i lit;    Candy    Make    .Snme 
People  Fat  ' 

I'.ating  as  mtirh  .n<  otic  can  of  any- 

lhin}»  ,it  any  time  will  proiluee  fat. 
proxided  >ou  do  not  do  sutticieiit 
physical  work  or  t,ike  enoujjh  exerci-e 
to  coimleract  tlie  elt'ect  of  j,'inerou- 
e.iliilj,'.  When  Miu  see  a  per-oti  who 
I. its  .1  (.;re;it  deal  ;md  is  jjrowiny;  f;it. 
\ou  may  know  th.it  lie  or  she  is  not 
taking  vutllcient  hodilv  exercise  to 
V  ork  otV  the  energy  produced  hy  the 
hody  from  the  fiKiil  tli.at  h.is  lieen 
e.iteii.  When  this  lia])pens  the  ener(;y 
ill  the  form  of  f.at  piles  up  in  various 
parts  of  the  system,  lainly  will  do 
this  more  quickly  than  any  other  thin;; 
we  e.it  hecause  it  contains  so  much 
-•Mji.ir  and  hecause  su(,'ar  is  so  easily 
I  h.-inyed  hy  our  system  info  usahle  en- 
e'jM  \'ou  (generally  lliid  a  fat  );ersof. 
who  e.its  much  caiKly  to  be  a  l;izy 
i.erson. 


What  Makes  Snowrtakes  White' 

A  snnwtlake  is.  as  you  arc  no  doiilii 
.  u.ire.  made  of  water  .il'fecte<l  in  such 
.1  way  hy  the  teinper.iture  ;is  to  cli.inije 
It  into  a  crystal.  Water,  of  cour-i .  a- 
\ou  know,  is  jierfectly  tr.insp.ireiit  In 
I  ther  words,  sunlight  or  other  liyht 
will  p.iss  through  w.'iter  without  hciiit; 
reflected.  .\  sin;;le  snowH.ike  .'iKu  i- 
partially  tr.ins|)areiit.  i.e.,  the  li^jht  will 
1,0  through  it  partially,  although  some 
<-(  it  will  he  retlecteil  h.ick.  When  .1 
dro]i  of  w.iter  is  turneil  into  a  snow- 
tl.'ke  crystal,  a  ;;reat  m;iny  rertecliii<; 
surfaces  are  ]iroduced.  and  the  wliite- 
III  ss  of  the  snowrt.ike  is  the  result  of 
pr.ictic.ally  all  of  the  sunh\,dit  which 
strike^  it  heint;  reflected  hack,  iust  .as  a 
nirror  ritli'cts  practic.illv  all  the  liiiht 
I  r  color  th.it  is  thrown  against  it.  If 
Villi  turn  .1  !;reen  li.uht  on  the  snow,  it 
will  reth-t  the  t;reeii  liirht  in  tlu  s.inie 
way.  When  the  countless  sn.  'v 
crvslaN    lie    on    tlic    L;roiiiid    cln-i'    to- 

,,.;!,,.■■      il,,,    ;ih:!i!\     tu     ritli-;  !     l!:;'     lil'li! 

is  iiurea-cd  .iiic]  so  a  ma--  ut  -now 
cr\-t.il-  oil  the  Lrriiund  Im.k  e\cn 
whiter  lliail   one   '-iiis'le  -iio\\  ll.ike. 


11(1 


I  Ml.    ISIS   or    PAINS    AM)    ACMI  S 


What    Make*   the   White   Caps   on    thp 
Waves  White? 

Ill  lillni'^      wliy      tin-     >iiinvll..k.      ., 

lull  ,\,    Itiivc  iirafliially  ;iln-;til>    .in 

'^•'1'  '         -  "tustion  ;il«i..      Iii«iia,|  111 

'"'I'  nrtiii'il    innii   ill.    wall!. 

'I'l'     ■•■ .■..!ltlT<l    l.y     ih,.     n.u,.,    ,,| 

llu'  (ttcaii  .111-  imy  lnil>I>lt>  wliirti  liavt- 
''  •  '   '  •     •'■  r.llt.i   ihr  li-lii   ,is 

What  Qond  Cm  Come  cf  n  Toothache  f 
\  rr\  liu  1)1  11^  r«:ili/c  lli.ii  an  ai  li 
iiii;  tiiiiih  \^  a  ycHul  tliiiin  hir  u».  |)rii- 
viili<l  u»'  liavi-  it  atlnnltil  to  ami  the 
.iiIk-  rt-tiHivi-d.  Any  imu-  who  lias  hi.l 
1i  I'lli.irhr  uill  Iiar.lly  ai;rtv  ilial  tlurr 
•  .II  111'  .1  Mi-^inj,'  attavlicd  to  tin-,  fx- 
'  rnrialiiii;  pain. 

Hm  llii'  jLjiMi.l  lonu-s  inmi  iln-  warn 
n:>i  it  j^ivfs  us  i,\  ih,-  luiiijitiini  ul  our 
lull)  on  ilif  insiili'  of  our  months.  I'hr 
;^rr:mi,'cmfm  >  i  tin-  interior  of  thi- 
iiionili  anil  the  ux-  xvi'  make  *t\  it  in 
p;  s>iiiy;  ihin^'s  into  our  sy^ti-ms.  favor- 
MTV  nuu-h  till-  iIfvi'lo|)intni  ainl  in- 
' Ti-a.si-  of  miiTolit-.  aiKJ  wliiii  thev 
i-i'Of  tji-t  in  thiy  .arc  ilil'liiiili  to  rf- 
niovi'.  It  is  sai.l  that  tlir  yrcatist  |.i-r- 
vi!ita;;c  of  i-as»'s  of  siontaiti  ironhlc 
Kiiii'  from  ti-i-th  which  an-  in  hail  ion 
'lition  ami  that  a  very  larj;c  |nrifm;.,i- 
'  t  |n(i|.lc  who  ha\i-  hail  terih  an-  in 
Lia\c  ilain;tr  of  Mnoil  |iiii»iiiiiiur  ot 
oihir  trmihlcs  lUu-  to  the  niii-rohc<. 
\\  hrn  thi-f  niiiTohfs  loilj^'f  in  tlif 
I'loinh.  tlu\  Iniit  lonilitiotis  favorahli- 
Ir.  thfir  ilr\rlii)inicn!  whin  there  are 
hail  lei  ill.  .iiiil  •.nri'.i.!  rliri.n.il.  |li,.  -..i- 
tem. 

Hrw  Can  Microbes  Spread  Through  the 
Bodv ; 

rile  various  parts  of  tli,.  l„„lv.  in- 
liiuliiiv'  the  j:uins.  are  .oinueieil  liy  a 
lyniplialK-  tissue,  wliieli  i-  praeliealK 
n  series  of  laiials.  If  tile  leilli  are  not 
properly  alien. !iil  to  :  iit|  kipi  in  l;i.o1 
ii'ii'lition,  hoth  as  to  eUatilliiis,  .,ii,|  re- 
pair, the  miorolies  or  jrernis  collect  on 

till'    i;iiii;s    atnl    i,fth,    ami    ' .si-    in 

rninh.r-        SiiM'!    ihi-    tinuith    i^    ov<-r 
pi'ptilatiij      with      microhes      ami      ,ire 
I'lislieil   off  the   <;ums  or   teeth   into   the 
iMiiphalir    .•.iiinls,    where   they    succeeil 


Ml  ilevejopiuji;  a  ilise.ise  in  ymir  ho.ly. 
.\i>w    the  ache  in   the  tooth   liei-ome< 

1  hiessjiii;  very  promptly  if  it  he«iiis 
soon  .liter  llie  tooth  he|[;ins  to  decay. 
Iicaus.-  in  that  exeiil  the  dentist  is 
visited   ami   the  tooth    lilled   or   pulled 

I  here  fore,  whil.'  it  hurts  urnlily.  it 
u  i'^ht  he  well  lo  renuinher  iha'  i 
I'olh.iche  is  a  liniely  warnini;  of  dail- 
irer  which,  if  not  heeded,  will  likelv 
diM'liiIi  into  sniiiilhini;  <|uile  serious. 

What  Causes  Toothache? 

i  he  .iclie  conii's  when  the  lm\   iiitm- 
.1'  the  heart  of  the  loolh  is  e\posi,l  to 
the  air.     When  the  tooth  he^iiis  to  de 
c;iy,  it   st.iris   to  <|o   -o  generally    from      i 
llie    ouisjih..    ;,n,l    ;,(ier    ihe    diraviiii; 
process      has      j;onr      far      eiioii'.;h.      it 
re.iches   th,.   nerve   in    the   tooth,    wh'.h 
aches   when   exposed   to   the   air.       Tlu 
.•!•  he    is    the    sii,'n.il     w  liich    llie    ner\e 
semis  to  the  hrain  lli.ii  there  is  ;m  es 
posure  .ind  .1  iTV  for  help 

Of  What  Use  Are  Pains  and  Arhes? 

All  pains  .md  .i.lus  are  helpful  m 
soundini;  ;i  w.iriiin^'  \  luad.uhe  tn.iv 
Im  the  result  of  improper  -leep  aial 
rest  ;ind,  therefore,  w.iriis  us  to  take 
llie  needed  ri sf  or  sU-ep.  \  pain  in 
I  stoin.ii  i;  :,  only  nature's  w.iv  o 
lelliu^r  ,1s  that  we  have  lieeii  unwise 
in  our  ealiiii,'  and  drinkini,'.  \s  a  m.it- 
Ur  of  f.ict.  short  ihouuh  our  lives  are. 
tliev  would  prohahly  he  stdl  shorter. 
"1.  the  aver;ii;e.  if  it  were  not  for  pains 
.•ind  aches,  hecai'se  withot'l  ihcse 
wariiin.<:rs  we  would  never  ha'e  sense 
■  nouirll  to  slop  dojii"  the  ihiti.'s  we 
-lioiild   not    do  if   we  livid   normallv. 

What  Causes  Earache  ? 

I'.;iraclie  is  caused  hv  the  nerves  in 
tie  ear  heinj;  .irfecte  1  hv  soiuelhint,' 
•itlier  from  within  or  without  whicii 
produces  a  swelliiu;  of  the  parts  im- 
I  ■edi.ilily  adj.uent  to  the  nerves  in  the 
car.  and  whicli  press  ;njainst  tlu- 
nerves:  ,is  the  nerves  ciiniot  ^n  any 
Iilace  llie  they  send  ;i  •,v:irniii.i;  to  the 
hi.iiti  t'.at  they  are  heiii-  crowded  and 
pressed  ayainst.  Ihe  pain  you  feel  is 
the  nerve  in  the  ear  warniiiij  the  hraiii 
that  somethiu};  is  wront;  in  the  ear. 


WHAT    SOAP   IS    M\I)I     Ol 


III 


What  Is  Soap  Made  Of? 

>ii.i|i  i>  nut  a  viT\  iiKiikTt)  priiduct, 
iil!liiiii|L;li  \M'  iia\c  rari'ly  ri'aii  ut  soaji 
ill  iiMi'ii  tiiiii'>.  As  l.iii;j  anc»  as  twu 
tliiiii  i;i<l  \Aar«.  till-  <  ii-riiiati>  hail  an 
.MUtiiKiii  vvliich  «a>  ma-U-  in  iiracliially 
I  111-   -aiiii-  way  a>  \vi'  iinw    make  mm)). 

-'lap  lai'tiiry  was  i'ii^;a«i'<l  in  iiiakiiii: 

i|)  ill  Iraiui-  ill  1()UU  A.  I). 

I.viti  In- 1  iff  >  laii  \\;is  inatiitfai'tiircd. 
|iiu|ilf  kiii'W  that  that  ashes  uf  sdiiu' 
plant-.  « hoti  niisfil  «ii!i  watiT.  ^avc 
it  a  jK'tiiliar,  sinui.th,  -lijipiTv  tei'hn'j. 
ami  a'liliil  in  tin-  cli'ansin<4  ((iialitii--  of 
watiT.  \lili>in(;!i  llu-y  iliil  nut  kimw 
it.  this  w;i-  (liu-  tu  tin-  smla  uf  potash 
which  was  in  ilu-  aslu-s.  I'liri'  smla  and 
I">l;isli  liiith  liavi-  I'M'i'lIcnt  <|tialitii's  for 
t-kanin^'.  lint  arc  likely  U>  iiijiiru  the 
"•kin,  ,iiii|  other  lhim,'»  coiiiiii;.j  in  eon- 
tact  w  ith  them. 

Soap  is  ni.ide  li\  Ixiiliiiij  tu^jetlier  oil 
or  fat  and  "caustic"  .soda  or  potash, 
(.'aiistic  soda  is  ;i  sul)>t;ince  made  from 
sixlimii  cirliiMi.ite  liy  addiiit;  slikeij  lime 
to  .1  soltiiioii  of  it.  Th'-  -l.iked  lime  con- 
tains calcium  in  comliination  with  liy- 
dro'^eii  and  oxyijeii,  and  is  known  in 
■lunii-try  as  c.ilcintn  hydrate.  When 
i;i!ci"iii  ln<lrate  is  ;idded  to  a  solution 
of  sodium  carlioii.ite.  the  sodium  pres- 
ent comliiiies  with  the  oxy;,'cn  and  hy- 
dr<;i;en  to  form  a  ••o'i;'ound,  variously 
calleil  sndiuni  hy<lrate.  sodium  liydro.K- 
ide.  or  caustic  soda.  .\  simitar  cnm- 
pomid  of  pot.is-iutu  is  formed  when  th-: 
snme  kind  of  lime  is  mi\e<l  in  .i  solution 
'■f  potassium  carlioiiate.  In  hoth  c.ises 
the  calcium  is  converted  into  calcium 
c.'irhon.ite,  which  is  n^t  soluble  in  water 
.111(1  settles  tn  the  bottom:  but  the  caus- 
tic sod.i  or  pot.ish  is  dissolved. 

The  wor<l  "c.iiistic"  means  to  burn. 
I'iotli  will  burn  the  skin  if  allowed  to 
touch  the  skin  for  a  short  time. 

rill'  tats  U'Cil  for  makiu'..;  soaji  con- 
sist of  i^lycerinc,  in  chemical  combina- 
tion with  what  are  c.illed  fattv  acids. 
When  these  fats  are  boiled  with  caus- 
tii-  soda,  or  caustic  potash,  the  fat  is 
decoiTiiosed :  the  fattv  aci<i  conibiiii's 
with  the  sodium  or  potassium  to  form 
soaj)  and  the  jilyceriue  is  left  tmconi- 
liined. 


Ill  modern  soa|>  factories  the  manu- 
facture is  carried  on  in  lar(,'c  iron  ve»- 
-els.  .Some  fat  ami  oil  .ire  p\it  iiitu  I'lr 
vessel  and  a  little  I\e.  which  is  really 
.aiistic  -oda  or  potash,  is  added  .nnd 
the  iiiixtnre  b..ile<l.  Ihe  fat  aii.l  the 
l\e  combine  ver\  ipiickly  and  form  a 
wliilish  fluid.  .More  lye  is  now  added 
.ind  the  boiliun  continued.  Thi-  proce-- 
is  repe.itecl  until  ne;irl\  all  the  oil  or  fii 
has  combined  with  t!le  l\e.  If  \el!ow 
1,'iimdry  soap  is  beiii;;  ma  le.  some  rosiu 
i-  put  in.  ,ind  tirs  skives  the  xeiliu 
Color,  It  toilet  »oap  is  bein<;  ma<K. 
common  salt  it  put  in  instead  of  ro>iti. 
The  addition  <if  the  s;ili  h,is  the  etfec: 
of  separating;  the  w.iter  and  the  gly- 
cerine from  the  soap.  TIk  soap  - 
to  the  surface  and  is  skimmed  oli 
soon  :is  the  separation  is  (dm|>letc.  .ml 
the  soap  is  then  cut  or  pres-cd  into 
cakes  afer  it  has  become  hard. 

."^oaps  referred  to  above  are  the  ordi- 
uar\  hard  -oaps.  In  makiii:,'  soft  -o.ips  no 
salt  is  added  to  separate  the  soaji  from 
the  liiiuid.  .\s  the  w;iter  and  L;lycerine  do 
not  sejiarate  from  the  soaj).  the  entire 
mixture  remains  of  a  soft  cotisistcncN. 
Soft  soap  is  .-dso  made  with  a  lye.  th;it  is 
obtained  from  wooil  ashes.  'I'lie  a-Iies 
,ire  placed  in  barrels  and  water  ))oured 
upon  them.  The  water  drips  down 
tlirou;,'h  the  ashes  in  the  b.irre!  .ind 
dissolves  the  potash  contaiued  in  them, 
makinjj  lye  or  c.-iiistic  potash.  This  he 
is  then  in  li(|uid  form  and  is  mixeil  and 
boileil  with  ijrease  or  fat  to  make  soap. 

There  arc  many  ditl'ereiit  fats  used 
in  soaj)  making^.  r:i!m  oil  is  perhaps 
the  most  common,  but  tallow,  olive  oil. 
cotton  sffd  oil,  and  many  oihc-  i.its 
.ire  used.  Tiie  li;iriliiess  of  the  soaji 
v.nries  with  the  kincl  of  t'.it  .lud  Ive 
used.  I'alm  oil  or  tallow  so.ip  is  vorv 
iiard.  ;iud  "ther  oils  are  sometimes 
mixed  with  it  to  soften  it. 

These  are  the  main  facts  comucted 
with  the  makiuy;  of  soaps.  'There  may 
appear  to  be  ililTerent  kinds  all  of  w  hicli 
loo'  ,1  ;d  smell  dilTerently.  The  dilYer- 
eiK-  ■  :  them  is  laru'cly  due  to  the  ))rcs 
eiice  of  ditTerent  perfumes  and  culorini; 
matters. 
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Tlk-  s.iva^:i-  It,>hati<  fniind  Iheir  systuni  <,f  sinuki-  si;;nal.s  tmite  ffTrctivc  in  sending  mess;ii;i- 
fn.7r,  plai-c  t..  plair.  With  a  «..i,.I  l.iinmij;  (,rr  [.rforc  liiin.  an.l  a  l.lanket  or  sliieM  at  hami 
t  U'  In.iian  was  ■.■,,u,piH-.!  t..  send  Ins  nH-^-a«i-.-.  T!!.-  ,■,«!,■  e..i,s,sti.,i  ,.t  tlic^  varying  kinds  of  sm.,kc 
.louds  prod.i.rd  lu'sc  wm>  madi'  lur^y  .,r  small  t.y  inviTin«  tin-  (in-  at  intciA-als  with  iIk- 
blaiik.-t  or  shuld.  tims  making  mUTruptions  of  \-arious  Ini^Ilis  iti  the  rising;  cluiids  of  sn.okr 
Hy  .in.ppnii;  mow  oruller  UiiiigsiutolhcUrc,  litiiiaaclhfsniukcaoudb  cither   hglit   or  dark 


I'hc  St()r\    in  a  TclcJram 


How  Man  Learned  to  Send  Messajjes. 

l'"n>ni  liu'  iniu-  when  man  hail  k'arnfd 
to  iirutctt  limisclf  tVoiii  ihi'  hcasis  of 
the  I'oR'Sl,  and  thus  was  aMc  to  move 
about  mort'  tYctly.  and  livr  liy  hiinsch' 
rather  than  remain  with  tlie  tribe, 
he  has  found  it  necessary  to  send 
messages. 

')ne  of  the  most  interestinj.'  of  the 
early  melhoiis  for  si-ndini.'  messa^jes 
was  the  Indian  way  of  smoki'  sii,'nal- 
hni;  with  ilie  simple  etiuipment  of 
a  tire  with  its  rising'  eoluinn  of  smoke 
and  a  blanket  or  shield.  Mi'ssa^t'S 
were  sent.  rela>ed,  received  and  an- 
swered, at  jKjints  hundreds  of  miles 
ajiart.  Ainoni,'  savages  still  found  in 
ri'niote  jiarts  of  the  earth  this  and 
other  primitive  methods  an-  >lill  in 
u.se.  in  the  wilds  of  Africa  li>-da> 
at  points  where  the  electric  telef.;rapii 
service  Itr-;  not  yet  i)enetrated,  the 
nalise     1  n    .Minitic  method  of  beat- 


iiiK  dnmis,  which  can  ho  heard  fmm 
one  relay  point  to  another,  .ire  .able 
to  send  the  "  news  of  the  day  "  across 
the  countr\-  with  marvelhuis  rapidity. 
In  some  jiarts  of  South  America,  tlu' 
nalives  lonj^  a^o  di.scovercd  that  the 
K'round  is  a  Kood  conductor  of  sound 
and  send  their  n)e^sat;es  almost  at 
will,  makini;  their  si^'nals  by  tap])inK 
a^ain.st  poks  which  they  have  ])lantcd 
in  the  j,'round  at  various  jjoints  and 
which  constituti'  both  their  sending 
and  reiiivinj;  instnunents. 

The  Si>;n;d  Cori)S  in  the  anny  usi-s 
tlajis  for  seiKlinj;  messages,  where  the 
lelej^Taijh  is  not  available,  the  fla^s 
U-inj.;  of  dilTerent  colors,  and  the  si).;nals 
are  pHMluced  by  waving'  the  t1af.;s  in 
(litTcrent  ways.  The  anny  heliograph 
is  also  used  as  a  telegraph  line-  a 
mirror  which  reflects  the  sun's  rays 
in  a  manner  understood  bv  a  i ire- 
arranged  code.      These  and  other  ^-nii- 
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In  this  picture  wc  see  the  Creek  Runner  on  the  last  lej;  of  his  journey  ;inil  the  Ttian  to  wliom 
he  is  til  .ichver  the  nH>Bsaf;e  waitinj;  for  him.  This  melhoii  of  semliiij;  niessiiges  was  not  very 
I.Kt,  althi'unli  the  runners  were  piikei!  because  of  their  speed  and  en.iurante. 


THE    riiNV    Til  li.K  (I'M. 


Here  we  see  tlie  fast  riders  of  the  I'ony  relegraph,  winch  increase<I  the  sfjcctl  of  deliverinK 
mesvajjjs  quite  a  K"o<i  deal,  but,  of  course,  there  was  danger  of  losing  the  iness;ij.»c  to  enemies 
or  t.'.r:::;i?.i  ;::■,'■;. ..-nt  •-.'•.  t..  it  it  r-iijjht  V_-e  ditTieit't  urr'cr  sut;::  cilcu:n:-laiiccii  to  send  a  secret 
message  or  to  e\  en  be  certain  that  it  would  arrive  at  destination. 


in 


n   IS  1  \SN   K)  cAi.i.  A  ti:lluraf>h  messenger 


ilar  inclho<ls  arc  merely  clalwrations 
uf  ik'vices  dovi'lo] lid  ami  used  by  the 
sava^;es  as  a  solulioii  of  the  ever 
present  need  of  senelin^  a  message  to 
some  otlier  pnini. 

The  ^;reat  Marathon  nmner  \va> 
nothing;  mure  or  less  than  a  tele^jraph 
messenjjer  haslenint;  with  his  written 
niessa;;e.  from  the  man  who  di-livered 
ii  Ui  him.  to  its  destination,  and  hi- 
work  was  hardiT  than  that  of  the 
messen;;er  l)t)y  to-day,  for  he  n"i 
only  had  t<i  deliver  tile  messa^;e  b  ni- 
self  to  its  (k'stinatioii.  li'-t  had  to  run 
fast  all  the  way  or  lose  his  job. 

'llu-  messenger  on  foot  finally  ;^a\e 
way  to  the  Pony  Telejjraph.  wliich 
not  only  shortened  tiie  lime  neeessar\ 
to  deliver  a  me.«a:^'e.  but  marki'il 
tlv  bei^'inninv'  of  a  sy-^tcni 

How  Does  A  Telegr.un  Get  There  I 

'{"lie  next  tiii:i'  \ our  (laikiy  lakes  you 
down  to  the  ortiee,  a.sk  hin  to  show 
yon  the  lele.^raph  eall  box.  When 
you  see  it.  yu  will  perhaps  not  think 
that  by  merely  pulHn^  down  the  little 
lever  you  i-an  so  start  things  k'oinK  that. 
if  you  wish,  you  ean  cause  inen  who 
;ire  on  the  other  side  of  the  earth   to 
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Here  \vc  -h'c  the  niessenjjer  railing  at  the  ottuc  Ironi  winch  the  call  box  re^jislereii  a  call  and 
i-civinj;  tin-  tc-leyruin  to  be  taken  by  him  tu  tile  central  uftice  ti)  be  put  on  the  wire. 


work  t'lir  \<m  in  a  I'cw  miiuitt's,  and 
to  tiiakc  iiulc  instmmcnls  all  alone; 
the  \v;iy  wliicli,  with  thoir  other  eciuip- 
inenl,  have  cost  millions  of  dollars, 
click,  click,  click  at  your  will. 

Soonir  or  1  iter  iliirinL;  the  dav  vour 


father  will  lie  wanlini;  lo  -cml  a  Ick- 
.i^rani.  He  steps  to  the  call  box 
pulls  the  little  lever  and  j;(K's  hack 
to  his  desk.  In  a  lew  niiniiles.  sonic- 
linies  before  you  realize  il,  the  little 
blue-coated    messenj^'er     appears     and 


Wlien  t'lo  n'O^scnger  gets  b.ick  to  the  oHice,  he  luimls  tlie  ir.cssaRC  to  tne  rcccivinK  clerk  who 
St;, nips  it,  sliowinj;  t!;ce\.ict  time  receivcii  and  sinds  it  by  pneumatic  tube  to  the  nprratinc;  rnorti. 
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says  "Call?"  Fath  r  hands  him  a 
lelcf^ra  ''.  blank  on  whii-h  he  has  written 
the  mcssai;  ,  the  messenjjer  lakes  off 
his  caj),  puts  the  niessii^e  insiile  and 
the  cap  haek  cm  iiis  head  and  away 
he  jj;oes  on  his  Ineyele  as  fast  as  his 
Ic^s  ean  jiedal,  to  the  central  of!lce, 
to  which  ]K)inl  y  u  follow  him  to  see 
what  he  does  wit"'  the  messa>;e. 

If  yon  hail  'K-en  at  the  lelep^aph 
olliee  instead  of  your  father's  office, 
you  would  have  seen  one  of  these  hoys 
start  olY  on  his  wheel  to  k^'I  the  me<- 
sai;e  your  father  wished  to  send.     When 


the  little  lever  on  the  call  l)ox  is  •  died 
down  it  is  pulled  haek  by  a  spring 
wh'  ^ts  some  clix-k  work  >;<)in^; 
wh  ends  a  sij;nal  over  the  wire  on 
a  <i.>uit  which  nins  out  from  a  re^;is- 
ter  at  the  main  uiliee.  The  rej,'inter 
has  a  pajK-r  tape  runninj;  throuj^h  it. 
and  the  signal  from  the  call  box 
appears  as  a  scries  of  dots  on  the  tape. 
The  clerk  knows  fmm  the  nmnbir  and 
spaciiiK  of  the  dots  that  it  was  your 
father  that  called  and  not  some  other 
business  man  whose  box  mi).;ht  be 
on  the  same  circuit. 


We  liave  now  follouoil  the  tfUiTaiii  ti)tlie 
p'lint  where  U  is  tn  st;irt  on  its  re;il  journey. 
Here  wo  .see  tlie  nperator  prep.crin^'  tn  semi 
the  iiiess,-ij;e.  He  tirst  nitisl  "  j;et  the  wire." 
Hy  this  is  iiic;nit  In  i^vt  a  llir'uij;h  (■<'nnei  tii'ii 
to  tlic  town  where  tlie  niessa>;e  is  to  he  de- 
livereii.  K.uli  oiTic<'  alon^  'lie  hne  lias  .-i 
signal.  The  oIIkt  o)Kratnrs  an  hear  the  call, 
hut  since  it  is  not  their  signal,  they  pay  no 
attentifin.  AIhimsI  imnipili.itelv,  however,  tlie 
ooerator  ;;♦  the  heliverv  point  hears  the  sij;n,il 
He  signals  hack  "II''  ami  repeats  his  own 
ol'Sce  call,  which  means  "  I  hear  you  anil  am 
ready."  Th ;  message  is  then  titkeil  tiff, 
until  linisheil  mv\  the  o]Krator  at  the  ilelivcry 
point  s'gn.ils  •■().  K.,"  logrther  willi  his 
personal  signal,  which  means  ho  h.is  reteivcd 
the  whole  messiige  anil  has  it  ilown  on  paper. 


Here  we  sec  the  operator  at  the  delivery 
ofiiie.  .She  has  tnmslated  the  clots  and  dashes 
.as  they  came  to  her  over  the  wire  into  plain 
words  on  a  regular  telegraph  blank,  putting 
down  the  time  received,  the  amount  to  he 
collected,  if  it  is  ,1  "  collect  "  message,  or 
marking  it  "  I'aid  "  if  it  was  so  sent.  She 
has  handed  it  to  one  of  the  tilue-cl.id  messengers 
in  her  oHice  w.io  st,irts  off  al  once  to  dei'ver 
it.  The  operator  has  also  made  a  copy  of 
the  message  for  the  office  files. 
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HiTC  «■(.•  MT  liic  iiif^sfiigLT  liclivcnnn  thi-  uifnrani  w  tlic  pi.r?"ii  I"  wlmm  il  is  a<i4ressoil. 
it  may  he  kiwxI  news  or  bad  news  fur  tlii'  pors'in  roreivin);  it,  but  it  i>  all  in  the  ilay"s  work  for 
the  mcssciiKer  boy.  But  let  us  see  how  many  people  have  to  work  to  deliver  the  tuess;ij;e.  We 
Iiave  followeij  it  throuRh  from  tl;e  original  rail  box.  First  there  was  the  messenger  who  came 
for  it,  then  the  reeeivinj;  clerk,  the  setnlinK  operatirr  and  the  operator  who  rccei'es  it  and 
last  of  all  the  messenger  boy  wlio  delivere^l  it.  Tliis  does  not  take  into  account  the  men  who 
must  l,„,'<  after  the  many  ir-Ies  of  wires,  the  machinery  whi  h  supplies  the  current,  or  the  great 
■  irmv  of  '"''"  "■'"'  '•'^'-'  'onstantly  laying  new  wires  so  that  you  can  send  a  telegram  from  almost 
anywhere  '"  ^y  °^^^*^^  P'"'-'-"- 


The  operators  you  have  seen  work- 
ing; ill  these  ]iieltires  are  Morse  opera- 
tors. They  seiul  ihi'  iiiessaKe  by  Morse 
Code  in  (lots  and  dashes  whieh  are  sent 
over  the  wire  as  eleelrie  iiitinilsis.  At 
the  other  end  the  messa^je  is  read  by 
listening;  to  the  eheks  the  sounder 
makes  as  il  reeeives  these  same  elei'lrie 
impulses.  This  is  the  sitiii)Iesl  way 
of  telegraphing. 

The  mitnher  of  messages  sent  1>e- 
Iwcen  two  hij;  cities  in  a  day  is 
tretnendous  -  many  more  than  eould 
he  transmitted  over  one  Morse  wire. 
Many  wires  would  \»-  lufdrd.  But 
wire  costs  money,  so  in^^enious  men 
set  to  work  to  find  .some  way  to  .send 
more  than  one  mess;iK'e  over  a  sini;le 
wire  at  the  same  tiine.  Tluv  suc- 
ceeded. There  is  now  the  dupkx 
tck't^raph,  which,  sends  ;i  mess;ij;e  e;ich 
way  sitrmltancously  over  a  sin.i,'le  wire, 
the  quailruplcx,  which  sends  two  mes- 


sages each  wMy  simultaneously  over 
a  siiif^le  wire.  Last  but  not  least 
there  is  the  multiplex,  which  sends 
four  messajjes  each  way  simultane(jusly 
over  a  sini,'le  wire.  This  .seems  almost 
imbelievable.  but  it  is  done.  In 
the  case  of  the  duplex  and  quad- 
rui)lex,  the  difi'enMit  messages  are 
sent  by  currents  of  different  strength, 
and  by  chan^iin^'  iIt-"  <lirection  of  the 
current.  Rei-eivin};  instnmients  are 
designed  so  as  to  se])arate  the  mes- 
sages by  being  affected  only  by  the 
currents  of  certain  strength  or  jKilarity, 
as  the  direction  of  flow  is  tenned.  It 
can  easily  be  seen  that  by  these  ingen- 
ious devices,  the  telegraph  company 
s.aves  many  thousands  of  dollars  in 
the  miles  and  miles  of  wire,  .md  liun- 
dreds  of  telegraph  poles  whic'n  wuuld 
be  re.'juired  if  all  the  messages  had  to 
be  sent  o\-er  a  sitnple  Morse  wire,  one 
message  onlv  u\inn  the  wire  at  a  time. 
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In  xhi%  picture  we  see  the  inti 
'  t*   al'in^;    ilic   line   nf   a   railr^ 
s  luT  h.di'l  un  the  "  kcv  "  nr     ■ 
■    h'T  Ivft   m  a  slant!  called   tl.. 
(-i\ inv   irsl runifiil   calltil    tTie  !.  . 

Ks  uff  the  n'e^sane-  Ii.  front  <Tt  iicr  is  an 
rnt  tiillc<i  the  "  relav,"  ;  nrrent  fnirii  i 
1-  l-attenes  k'ocs  thniiinh  the  key  wheti  it  is  • 
Ml.  Ihroimh   t);e  relay  and   nut   nn   to  tin- 

!lie    [Mi-e   !iie.  then   thr"iinh    the   relay 

■  eivinii  dperat'ir  at  the  ntlit-r  cm!.  (s»i'  i 
Ml'p«»site  j.ajje'  thn-uwh  his  kev  and  Ihrm;. 
re  liaUerics  t<j  the  Kr'run'l.      Tht  earth  fir* 

-  '  urn  wire  <-i  an  eU'«  trie  cireuiT  when  Imth  V.- 
!(>se<t  "  «.»r  pressed  down.      Y*ui  kiittw  all  eh 
!^    to   (low    in    a   cUised    cinuil.       I'htr  ""  stji; 
,  to  niake  ni'od  strong   cltctrs   In    hi-    undei 
!    the   turrer.t  after  it  has   ^ov.v  ihr<iUKh   inic^  *  t 
■f  anr!  ground  n^ay  not  be  stron«  enou^'h  so  iW* 
in<'er  is  put  on  a  lo<-al    circuit    of  its  own.  with 
-I'eriiil  hattery.      In  thi«  .  ircuit  is  a  conta<  t  nuikcr 
'  ■  iih    i»-    pari    of    the    relay.       When    tht-    key    is 
;    •  sve*!    down  and  currerit   flows  over  the    Hire**   -m 
■    .-  (lole*;  and  throuph  the  relays,  the  n>ru"  ■  •       •   • '  ■■ 

■  !.iy    pull    on    a    little    piece    of    met..' 
irn-aturt-."  which  makes  a  cf.ntact  n- 

\     al   sounder  circuit,   s"   curre.iT     fr-.n 
'.  >  al    battery    can    Pr-w     up    thr-niRh   the-    i, 
'  ;     the    sounder  and   bark    ;o    the    batterv 
;;  akes    the    sounder    click.       When    the   kc\ 
I'Msed.   the   relay   armature    is    pulled     back 
jifinK  and   breaks  the    circuit    ftf      sounder. 


onus  another  click.  By  the  numfttr 
'  rsT;."n  ..f  ;Hr  r!:.-k-,  a  "1  the  t-rr.^  \  .  ■ 
•lent,  the  receiving  nnerator  knows  the  r. 
'  I  the  sit'nal.  The  Morse  Code,  which  i 
•lirouRhout  the  United  States,  is  shown  on  th 
T^age. 
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■|"lu'  niUiti|iU'X  ti'U'j,Taph  is  lnil>  a 
niarvflluus  iiivfiuii)n.  ll  has  l>crii  ili- 
vi-lupi'ii  liy  Uk'  tii);iiKvrs  of  Uu'  \Vi--iirii 
L'nion  Tolij.;ra]  ih  l"o.  working:  with 
the  riij^iiKiTS  of  till-  WoUTtl  Kk'i'trii- 
t'oiiipaiiy.  'rill-  priiniplc  on  which 
this  iiistnniu'tU  works  is  that  if  sipa- 
ralc  insinitiH'iUs  an.-  i^Wvn  ooiiiioction 
witli  ihi'  wire  otu'  aftiT  tlw  otlur 
ikiriiii;  very  short  inlirvals  of  tiiin'. 
ihf  il'ffct  is  as  ihoii^;li  ihr  win'  wen' 
split  up,  anil  I'aih  instnitnt-nl  work> 
jusl  as  if  it  aloni'  wiTf  on  ihi'  wire. 
Not  only  (ii«-s  the  niulliiilrx  ti'k'j,'raph 
thus  siMul  four  im'ssa>;is  in  otii-  direc- 
tion anil  four  nicssa^;cs  in  llu-  opposite 
direction,  .simultaneously  over  a  single 
wire,  tints  keepinj;  no  li'ss  than  mx- 
teen  <iperat()rs  i-ni]  loyid  on  one  wire, 
four  sending  aixl  four  receiving'  at 
each  end.  hut  lach  messai^t'  instia<l 
of  heinj;  sent  liy  the  ordinar>'  Morse 
key.  is  written  ujion  a  t\pewrilir 
keyboard  at  oni'  end  of  the  line  and 
a])pears  auionialically  l\iiewritten  at 
the  other  end. 

If  you  live  in  a  liij;  city,  j.;o  into  one 
■  if  the  lar>;er  branch  otVices  of  the 
Western  l'ni.>n  Tele^raiih  ("o.  and  ask 
iw  si'c  iirinliiiK  tele^^raph.  .Most  of 
the  lar^;e  hniilch  otliees  eoniniunicate 
with  the  general  operaliiiK  department 
in  the  city  !•>•  means  of  wlial  thev 
lenn  "  short  line  printers,"  which  are 
instnnnents  on  whiih  ih.e  niessaj^e  is 
written  v  ■  tyiiewriter  ke>l>o;ird  ;in<l 
ap])ears  iy,.t. written  at  the  other  end. 


Who  Invented  the  Electric  Telegraph  ? 

i'  :  ■  '..  .'-'l  !'  I  sa\-  ju~'i  hciw  ilir  :■  Ir- 
j;ra])h  originated  in  the  mind  of  men. 
We  have  already  shown  how  the  s;iv- 
a>,'es  sent  signals  over  distanci's  iiy 
means  of  the  smoke  risinj,'  frotn  his 
fire.  1-2 very  lioy  and  ^irl  has  used  a 
little  mirror,  held  in  the  sini  to  Hash 
a  liri^ht  spot  here  ami  there.  This 
lirinciple  has  ix-en  usid  li\'  the  amiv 
U)  signal  at  distances.  The  sun's 
rays  are  flashed  from  a  'niall  minor, 
lonK  and  short  tlashes  indicating  the 
dasluM  and  dot.s  ol  the  Moi>e  uu - 
j:raph  code. 

Pro};ress    towards    the    j  ert'ection    of 


I'KUI  L.13UK    a.   1.    i,.    MuKiL, 
IWKSIOK    Oh     rHl-.     IH.I.i.KArll. 

the  electric  tele^^Taph  be^an  with  the 
first  researches  of  seienli:  is  into  the 
natur.al  laws  which  ).;overn  that  j.;reat 
natural  a^ent,  electricity.  Clever, 
jiainstakin^,'  men,  studying;  and  exjieri- 
meiitint;  for  the  love  of  the  work,  dis- 
co\-ered  bit  liy  bit  how  to  control  the 
force.  Stephen  (Iray  with  his  Leyden 
jars,  wiiich  stored  up  a  char^'e  of  ek'c- 
tricity,  inspirecl  Sir  \Villi;ini  \Vats<in 
to  expi'riment,  and  he  sent  current 
from  one  jar  to  another  two  miles 
awav. 


The    Fust    Suggestion    of    the  Electric 
Telegraph. 

l"or  .1  lon^  time  no  one  thoui.;ht 
that  this  opened  the  way  for  the  mak- 
ing; of  a  useful  servant  for  man.  In 
17  5.^  this  thought  incurred  to  an  un- 
known man  in  Scotland,  who  wrote 
a  letter  to  a  newspaper  suj^'^'estinj; 
th;it  messages  be  sent  by  electric 
currents. 

(liie  ol  tii^  ^eheme!i  wa^.  that  there 
should  be  a  liK'ht  ball  at  the  receiving 
end    nf    thi'    wire    which    would     .trikc 
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a  hell  when  it  felt  the  electric  impulse 
come  f)ver  the  wire  from  the  LeN'iUti 
jar,  iitid  by  devisinj;  a  code  ilcpeniliiiK' 
u{)on  the  ntnnher  of  strokes  of  the  hell 
and  the  lime  hetween  them,  he  su^;- 
Kesled  that  messa^'i'S  could  he  sent  and 
inteqireted.  Some  l)elieve  this  man 
to  have  been  a  doctor  named  Charles 
Miirrisonof  tireenock,  Scotland.  Who- 
ever he  was,  he  su^^jested  a  method 
which  I'omes  very  near  to  lieinn  that 
in  usv  to-day. 

The  dilhiulty  with  proccedinj^  on 
this  su^j^'cslion  was  that  the  ciirrent 
from  the  Leyden  jar  was  static  elec- 
tricity, which  has  not  the  stren^;th  nor 
can  it  Ik-  controlled  as  can  the  cur- 
rent of  low  potential  which  is  used 
to-day.  Volta  discovered  this  new 
and  more  stable  form  of  electricity 
and  many  ditTerent  men  labored  in- 
vestigating; what  could  be  accom- 
jilishcd  with  it.  The  names  of  Sir 
Humphry  Davy  ,md  .\lirhacl  l-'ara- 
day  are  inseparably  connected  witli 
this  advance.  It  was  Oersted's  and 
I'aradav's  discovery  of  the  connection 
bitwicn  electricity  and  inaKnetisn^ 
and  how  an  electric  current  may  be 
made  to  magnetize  a  piece  of  iron 
at  will,  that  really  opcncil  the  way  for 
the  invention  of  the  telegraph  we  know 
to-dav. 


The  Fust  Real  Telegraph. 

Hn:  btiMi-r  the  miu  h  .;n'.itcr  prac- 
tical \aluc  I'f  X'oUa's  current  was  dis- 
covered, one  man  dcvelopi'd  a  real 
telegraph  which  worked  with  elcctric- 
itv  of  the  static  kind,  produced  by 
fri.tioii.  'I'his  man  was  named  Sir 
i'r.iiie]-,  Ronalds.  lie  worked  alon^ 
ihe  lini's  laid  down  \<v  the  unknown 
Seoli'hnian.  wlioni  we  have  supposeil 
to  be  Charles  MorrixMi.  '1  lie  machine 
hi'  built  and  ojnraled  in  his  eardeii 
,a  ll.innnersmilh  utilized  pith  ball;;, 
which  actuated  by  the  charj;e  o!  statu 
electricity  sent  alons.;   the  wire  causeil 

I  letter  to  appi\ir  before  an  opening 
in  the  dial.  When  pcrfi'ctcd  he  olTered 
li  ;./  thi  nri;i;h  (iovcTrimcnt.  w'::.; 
refused    it.     They    were    \ery    stupid 

n    their    nfus^d,  for    they    said    "  lele- 


Uraphs  are  wholly  unnecessary."  Sir 
I'Vancis  Ronalds'  invention  cost  him 
much  care,  anxiety  and  money.  He 
livi'd  to  si'e  the  more  practical  voltaic 
current  taki'U  up  by  others  an<l  put 
to  successful  use.  Heinj;  unselfish  he 
rejoiced  that  others  should  succeed 
where  he  had  failed. 


Two   Men   who   Invented  our  Teleijraph 
almost  Simultaneously 

The  tele;;raph,  working;  on  the  elec- 
tro-ma^,'nclic  jirinciple.  as  used  to-ilay. 
was  developed  almost  simultaneously 
on  the  twi>  sides  of  \hv  Atlantic  Ocean. 
In  lCiii;land  Sir  Charles  Wheatstone 
and  Sir  William  I'other^jill  Cooke 
worked  out  a  practical  method  and 
instruments,  which  with  few  chanj^e^. 
arc  in  use  to-<lay.  Cooke  was  a  doctor 
and  had  served  with  the  British  anny 
in  India.  Wheatstone  was  the  son  of 
.1  Cloueester  musical  instmment  tnaker. 
Tlu'  latter  was  fond  of  science  and 
ixperimented  continually  with  elec- 
tricity and  wrote  about  it  and  other 
scientific  subjects.  As  a  result  of  his 
work  he  was  made  a  professor  at  Kinjj's 
Colle>.;e.  There  he  conducted  impor- 
tant researches  ;ind  tests,  amon^'  which 
w;is  one  which  measured  the  sjieed 
at  which  electricity  travels  alon^  a 
wire.  So  Cooke,  wIk)  was  a  doctor 
and  a  ijood  business  man,  entered  into 
partnership  with  the  scientist  Wheat- 
stone, and  to).;ether  they  completed 
llieir  invention.  It  was  first  used  in 
i.S^S  on  the  London  and  Blackwall 
Railway.  At  first  it  was  expensive 
anil  cumbersome,  asiuK  five  lines  of 
wire.  Later  this  number  was  redueed 
to  two.  ,ind  in  1^45.  an  instniment 
w.is  de\-'si'd  which  re(|uircd  bill  one 
wire.  This  instniment.  with  a  lew 
minor  chanijes.  is  the  one  in  use  l(j-iia\' 
in  I^nj^'land. 

While  llie.H'  two  men  were  working' 
in  ICnul.iiiii.  an  AiiU'ni-an  artist,  S.  F. 
15,  .Morse,  was  studying  and  experi- 
mentinj^  in  the  United  States  aloni;  his 
own  lines  but  with  llie  same  end  in 
\ie\%.  uaiiieiy  Lo  j:ir«»viu»c  iriStniTTKiii.^ 
whieh  would  satisfactorily  send  mes- 
sai^es  over  a  wire  by  electricity. 


IJJ   IlkSI    TIl.KikAi'M    MS      :U'>\\   l'.\l  IIM(mi     II)  WASMIMiION 


A:.    Aiuerican.    however,    n   given   the 
honor  of  First  by  Slight  Margin 

Miiisc  u.is  liDfti  111  Cliai:- ■,lii\vti, 
Massuhusi'tts.  in  lygi.  He  was 
^iftci!  as  an  artist.  Imth  in  iiaintin>;  anil 
snilptti.-i',  and  in  iSii  wrnt  ahfiiai) 
to  Knj^land  to  study.  Wliili-  on  a 
voyani-  fnmi  Ilavrr  to  Atnc-rica  in 
iS^j  hi-  nut  on  hoanl  shij)  a  Dr. 
jarkson.  who  told  liim  of  tlu'  latest 
scii'iitili:-  dis  (AiTios  in  ri').;ar(l  to  thr 
c-lertric  ctirriTit  and  tiu-  <'KH'tr<>-inaj,'iu't. 
This  si"t  .Mor^'  to  thinking  and  aftiT 
throe  yi-ars'  hard  work  on  the  proMoin 
liv  iinxlui'i'd  a  ti'li-;;rapli  which  worked 
•  in  the  iirincipK'  of  tin-  I'k-ilro-niaKiU't. 
With  tin-  apparatus  devised  hy  Morsi' 
and  his  partiUT  Alfred  \'ail,  a  ines.sa;;e 
was  sent  from  Washington  to  Halti- 
niore  in   1.S44. 

There  has  Keen  s<jnie  <|iu'Stion  as  to 
wluther  Morse  (jr  Whealstone  first 
invented  a  workalile  telej^'raph.  As 
will  he  evident  from  this  historv.  the 
telegraph  in  prineii)le  was  a  Knidual 
development,  to  which  many  minds 
lontriliutid.  To  .Morse,  however,  the 
hij,'h  anthority  of  the  Supreme  Court 
of  the  L'niled  States  has  ;;iven  the  credit 
of  hein;,'  the  first  to  [K-rfect  a  i)rartical 
instrument,  savin;,'  that  the  Morse 
in\enli<m  "  preceded  the  three  ICuro- 
pean  inventions  "  and  that  it  woulil 
i)e  impos.sihie  to  exatninc  the  latter 
without  pcrceivin},'  at  once  "  the  de- 
cided suiKTiority  of  the  one  invented 
by  Profes.sor  Morse." 

Uncle     S;im     H.  !p<-,i    Build    the     First 
Telegraph   Line 

At  the  time  Morse's  RccordinK  Tele- 
K'raph  was  invented  there  were,  of 
coursi',  no  ti'li'^irajih  lines  in  any  part 
of  the  world,  with  the  exception  of 
the  short  lini-  of  wire  jmt  up  bv  in- 
vc,-.ti^;aiors  for  experimental  purposes. 
To  removt'  the  obsiurity  as  to  the  pur- 
pose to  be  served  by  the  telegraph  was 
the  first  problem  which  presented 
itself  t,-,  M,>rse  and  his  backers.  In 
1S43  an  appropriation  was  secured  of 
S.^o.ooo   from    the    U.    S.    (}<jvernmcnl. 


with  which  a  line  was  built  from  Wash- 
in).;ton  to  H.iltiinore.  This  was  built 
and  o|KTati'd  by  the  (lovenimenl  for 
about  two  years,  but  the  (iovenunent 
refusi'd  to  pureha.s<'  the  patc-tit  riKhts. 
So  the  owners  of  the  patents  endeavored 
to  j;et  the  ),'eneral  public  interested 
in  the  telcK'raph  as  a  commi  rcial  under- 
taking and  uradualls-  companies  were 
founded  ,iiid  licensed  to  use  the  in- 
vention. 

By  1.S51  there  were  as  many  as  fifty 
diiTerent  ieleKrai>h  companies  in  opera- 
tion in  <litferent  parts  of  the  L'nited 
Slates.  A  few  of  thesi-  useii  the  dev  ces 
of  a  ntan  named  Alexa.nliT  Uain. 
which  were  afterwanls  adjndt;eil  to 
infriuKc  the  Morsi' |)atents,  an<l  one  or 
two  usi'd  an  instninuiU  invinted  by 
Koyal  E.  House  of  Wniion'  which 
I)rinted  the  mes.sa^es  receivei  1  ulain 
Roman  letters  on  a  ribbon  ol  p.i|)er. 
This  at  first  sivmed  to  have  an  ad\an- 
tak'c  over  that  of  Morse,  which  re- 
ceived the  Jnes.saue  in  dots  ;md  dashes, 
in  the  .Morse  Coilc,  and  tilese  had  to 
lie  translati-d  and  written  out  l)y  an 
ojicralor  before  they  could  be  ilelivered. 
However,  as  time  went  on,  the  opera- 
tors came  to  read  the  Morse  messages 
bv  the  sound  of  the  dots  and  dashes, 
insle.id  of  wailing'  to  re;id  the  pajjcr 
tape  having  the  dots  and  dashes 
marked  on  it,  and  finally  the  reconl- 
iiiK  feature  was  j^'iven  up  and  the 
sounder,  or  instrutnent  which  simply 
clicks  out  the  mcs.sage,  caiTie  into  v,'en- 
cral  use. 

In  the  early  d.iy-.  the  jiossibility 
of  the  busint,  were  little  understrxid 
and  many  telegraph  companies  failed. 
Ajjril  8,  i.Sjr,  papers  were  fikd  in 
Albany  for  the  incorporation  of  the 
New  York  and  Mi.ssissi[)pi  \'alle>- 
Priming  TelcKrajjh  Co.  This  com- 
pany, which  soon  afterwards  changed 
it>  name  to  \\\;,tcni  L'nion,  was  des- 
liiu'd  to  absorb  the  various  companies 
throu^'hout  the  country  until  it,  in 
time,  operated  the  telegraph  lines 
over  jiractically  the  oalire  Uiiiled 
States,  and  has  its  blue  sign  in  nt'arly 
every  town  and  liamlel  in  the  country. 


\N  IM'LNSINL  LQl  II'ML.NT   NLCLSSAR\    TO-l^W 


In  larKo  cities  like  New  York  and  ChicaK'^.  the  operatinK  rooms  arc  very  larnc.      For  instaiuc    ttie  tnain 

r.iii'H'  .\i  i>.riTTi.  r,t  (if  thc  Wcstcm  Union  TclCK'^ph  Co.  in  New  York  City  has  loou  operators.      This  pkture 

rn.     Thc  men  and  women  sit  in  opposite  sides  of  lorg  tables.     On  the  tables  arc  the  keys 

!i  thoy  send  and  receive  the  rncssa^^es.     Each  operator  has  a  tvpewnttT,  or    *  mill   '  as 

'  r'-i's    I  ft  'he  Tr-c.ss.i.'r  ,i>  r   .  i  ii;i>.'-  •■  ■  'irn  ..v<t  th»     W'^v 


t_llu>.'.if\^- 


Tbe  picture  shows  a  main  switrhhoard  in  a  large  operating  room.  To  th!<?  romp  thp  t^r.rU  nf  the  wirr<!  from 
other  cities,  and  to  it  a?"  rotine- tfd  the  wirci  frf>m  the  instruments  in  frnnt  of  the  Mpcratots.  By  puTtir  i^ 
phiK"  attached  to  each  end  of  a  wire,  inttj  the  snrkets  in  the  bn.irf).  any  wire  ran  he  connected  with  any  operat- 
ini;  position,  or  several  local  circuits  can  be  connected  up  with  a  main  line  irora  thc  outside. 


A    -l.>   lliiN    Oi     nil.    I<_lt..lli.i    KUUU. 

(tiiu! -Itpitrifncnt  of  the  ■   -.kfraph  company  in  a  tftrne 

■  if  the  (tperatur  as  he  sits  at  his  plare,  husilv  sen"!- 

iiit  point.     It  simply  unes  t.i  ihc  reiwaler  vmm  :m\ 

irrmt  ..vir  'he  LmK  wire  wh-ch  le.Tls  t.i  the  .lestiniiti.m  ..I  the 

;iiot,  ,.f  the  weather  afleus  the  hnes  an<l   the  .urrent   v'reni'th 

•   liticnu.     The  operators  haven  t  time  to  niake  these  ...lni«tinems, 

^1  the  repeater  rcmi  where  thev  are  un.ler  the  watchful  ives  of 

■  ivhiih  sejiarate  the  messanes  cominK  over  iluplcx  an.l   ni'i'lruplex 

■rrnuths.      These  me^siiwrs  whu  h  have  been   separ.i*.  !   ,irr  Then 

■'!;'■       ■     ^ui.\    .r    pii'irup;.  s  npraters  to  (liffercnt  ojHTatiirs  in  the  ..piTalinK  room,  Who  hear  thtir 

lick  out  ihc  tiu'ssafe  lUst  the  same  a»  if  it  came  over  a  simple  Morse  wir< 


1  Anii-^  isii:kim.  a  ii-.mkm.  mini 


office 


Yoc  may  not  but  your  fa'hir  imII  remetnlier  ihc  time  when  in  larkii-  .  I'.i.-s  there  trere  tall  trInTraph  polM 
'V,  tiMtirtoMs  f  f  wires  'in  thein  running  atunK  the  main  streets,  .so  that  the  town  st-emetl  to  lu-  huunl  with 
■at  -pi-lvr.,  «fl-  That  is  all  chanKed  now.  and  the  telckrr.iph  wires  are  run  throuwh  ducts,  placed  undiTk^r^iund. 
r  this  purpose  they  are  made  up  in  cables,  and  in  the  picture  you  see  a  number  of  cafilcs  entering  a  central 
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U: 


iX       mX^r 


.'^^ii'ii^ 


'.Mil    VI    .  I  < 


^1  NDISc.    IN^IHlMl.Nr. 


ThcM  t»o  phof.|{ra|.[u  shw  the  mrnt  in...lcrii  {..rm  ..f  the  instrumenn  ivhii  h.  at  wc  iirr  1..1.!  on  another  pane 
«fiT  invente.!  m  Knglan.!  t.v  Wh<-,v;t  -„.■  in  I  r,„,l<o  In  Minima  a  paper  tape  U  punched  in  what  i>  calle.1  i 
'*"  ')nil)inati'm  of  hi.les  mean*  a  certain  letter.      Thu 

^"yj  •     whl'-h  sen.lj  impulses  r.ver  the  wire.      The  tape 

111.  ...  i^i.i  ,,,,,..  ,.  i,,,t,i.„i,.  r.-.iiMn»!  ■  •-runrni  It  print*  the  liKnall  reLeiveil  in  rloti  anil  ilaihes 
.,n  u  tape,  whuh  i>  tranjlate.1  by  the  uperator  «ho  typewrite!  the  tranalation  on  a  nieuage  blank  f..r  .Icliver" 


The  antnmntic  Mcsr:iph  tvpewriUT  showr  here  i.i  ..r.i-  ..t  the  ^-..n.U-rful  (..strumom.  -nrntinncl  on  one  .^t  the 
r.r,-.  ,■,).- ^paRHs       The  operator  at  the  other  end   of   the   line   writes  on  a  typewriter  kevboaM    on   the  5enH  ns 


I 
11 


automatically  tj-peterites      | 


•IJti 


THl.  IIRST  niHJRAI'M   INSIUl  ML.NTS 


On  this  !);igc  we  sec  soir.u  uf  the  fust  tele- 
graph instrumcnt«.  in  fait,  the  very  instru- 
ment <  which  Profess ir  Morse  used  in  tl< 
early  ilenionstratidns  of  his  invention.  TheM 
instnimen  5  .nay  be  seen  in  the  Sniiths<nii;.r 
Instiiiition  .at  Washington.  D.  C.  The  Ws 
is  known  as  the  Vail  key.  because  it  is  m\- 
posel  to  have  l^een  innstnictcil  by  .\Ure<' 
Vail,  who  workc'l  with  Morse  in  his  cxperi 
nients  with  trie  tclej;rapli.  .\s  can  lie  seen 
it  is  ver>-  simple.  One  wire  was  conne<.teil 
to  tl'.e  sprin;j  piae  and  the  other  to  tlie  p<ist 
beneath  it.  Wh.en  tl-.e  key  was  prcsse<l  down, 
the  contact  was  made  and  an  impulse  sen: 
over  tlie  wire,  either  a  dot,  if  the  key  was 
pressed  ilown  anil  ininiediately  released,  or  a 
tlash  if  it  were  held  down  for  just  the  fraction 
of  a  second  before  releasin);- 

From  the  very  llrst  it  was  found  tliat  relays 
were  necess.-»r\-.  because  the  current  after 
coming  a  long  way  o^•er  the  wire  often  wa^ 
not  strong  enoujih  to  <i)erate  the  recording; 
instrument.  Therefore,  this  weak  curreni 
was  niaile  to  go  though  the  electro-magnet 
of  the  relay,  magnetizing  these  and  pullin;' 
to  the  left  the  upright  arm  which  can  b. 
seen  in  the  photograph  with  a  Httle  blocl. 
of  iron  attached  to  it.  This  arm.  when  :-ullcd 
by  tlie  magnets,  mailc  a  cont.act  at  the  top 
and  allowed  a  strong  current  from  a  battery 
to  flow  through  the  magnets  of  the  rccr.rding 
instrument. 

The     first     practical     recording     telegra.ph 
niment    dcvisel   by   Morse  is  shown.     It 
looks  like  a   clumsy  afT.iir  comparcil   to   tin 
instruments    of    to-day.    but    it    wc.rked    si 
efTcctivcly  as  to  convince  people  of  the  po^ 
sibilities    of     tliC    great     invention.     In     tin 
w'«i!en   liov.   ;ittach<Sd   to   the  fr.ame  at   tlu 
right,  is  clockwork  which  pulled  a  paper  tape 
at  an  even  rate  of  speed  over  a  pulley  jusi 
beneath   u   nceillc  point.     This  needle   jx.iti' 
is  attacheil    to  a  light   framework   having 
piece  of  iron  fastcne<]  in  it.     Below  this  iroi 
are  tV.c  elcitro- magnets,  and   when   they   n 
ceivc'l  an  impulse  of  current  from  the  l»l'cr\ 
througl;  t'.ic  relay,  they  pulleil  down  the  fran.i 
so  thai  liie  poi.it  maile  a  mark  upon  the  papc- 
tape   which    moveil   under    it.     Thus   in    t!  i 
tape  appenrcfl   a  series   of   dots  and  dashe-. 
whii-li  the  'operator,  knowing  the  Morse  Co<U  . 
■lid  e;isily  translate  into  English. 


the  ri^'ht  contain^  cUx.k  work  lor  pulling  a 
paper  tape  beiie;ilh  a  sharp  point  actuated 
by  magnets. 
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A  LATI  R   \N0  IMPROVl  D  KIXOIclnNi,  INSTKIMl  \T 


Here  wc  sci-  onuc  early  teU'^r.ipIi  instnii-.i-nts  v.hicli  have  liccn  irtiim.veil  somewhat  fnnii 
the  oniiie  ilevices  ilhistrufe.!  on  llie  preceilinj;  iiaye.  Tmc  key  answers  tiie  sa.iie  inirjirKe  as 
iK'f.ire.  Imt  lias  liccn  improvxMl  by  pivoting  tlie  lever  arm,  ami  haviny  a  coil  sprinj;,  ailjustal.Ie 
liy  means  of  a  screw,  so  that  the  weight  necessary  to  i)ress  it  c!f,\vn  can  he  varied  to  suit  the 
likings  of  the  operator  who  uses  it.  The  jAiy  of  the  key  or  the  distance  it  must  be  pressed  down 
111  lore  it  makes  an  electric  cont.-Kt,  can  I)c  adjusted  liv  another  screw. 

The-  recording  instiumcnt  here  shown  is  a  much  neater  affair  than  the  cumljersome  device 
which  '.  rfcssor  Mors,-  first  Iniill.  '.  lie  cuMhersome  wooden  box  has  h  jn  replacol  with  a  ne;it 
brass  fran-e  containini"  the  clockwork  f<jr  drawinj;  the  p:.per  tap-  '  .ne.ith  the  m.-irking  point, 
which  is  attache.!  to  a  piece    f  iron,  or  armature,  placc<l  just  above  the  magnet. 

Belo-  •  wc  sec  the  most  moflern  types  of  Morse  instruments.  In  the  center  is  the  kev, 
which  is  not  much  cli.mKed  •  ■  ccpt  that  it  is  built  to  be  low  down  to  a  table,  so  that  the  opcrato' 
may  rest  his  forearm  on  the  tr.bl  top  in  front  of  ii,  and  ojxTate  the  key  with  his  wrist,  with 
less  fatigtie.  The  relay  at  the  left  is  interesting.  It  shows  how  little  this  instrument  has 
rhaiiRcd,  except  for  r^-fincment  in  its  aiipearance,  from  the  first  relay  built  by  Professor  Mor.ie. 
At  the  righ.t  is  the  Alorsc  .sounder,  which  has  rcplaceil  the  old  Morse  tape  rcccrclng  instrument. 
Wh.ti  current  goes  thri'ugh  the  magnets  they  attract  a  piece  of  iron  attached  to  the  metal  arm 
and  pull  it  down  to  strike  the  brass  frame.  This  makes  a  click,  and  when  the  current  is  inter- 
cepted, the  magnets  release  the  arm  and  a  spring  pulls  it  b.ick,  making  another  click.  The 
.operat(.r  reads  the  niess;ige  by  listening  to  the  click.s.  If  the  up  click  io?iic  right  after  the 
down  click  it  represents  a  dot.     If  tlicre  is  a  pause  hetwee-   them,  a  dash  i<  represcnteti. 


ixtuy  Key 

MODERN    MORSE  INsTRfMENTS 


Sounder 


12^    WHAT   OCCAN    CABLKS    LOOK    I. IKS.    V    (FN    CI  T    IN    TWO 


Light  Intfrmediale 


Heavy  Intermediate 


Roi.k  Cahie 


Fii.,  I. — CABunoN  V*rii(icvsa- 

Favmm!  iBLAvn  Sfctiov. 

Full  ilH-. 

Cor».  600/540. 


ffeaxy  Shore  f.nj 


Heavy  Intermediate 


Bay  Cable 


l.i^hi  IntermeCiate 


Deep  Sea 


Cacr?*  Cr.'■!^.An^er  » 


Fio.  2.— CiBus  csiD  OS  Fiji-Norfolk  luAKD-QciWiLurD  UD  N«w  ZiiLWD  Sicnosi.    Full  a 


Cf  ?  180/1301 


This:'  ■■::■■-■  ■■  '  ^  -■■  •■  -,-  •  :  :^■■•■^  ■'■a  ;:'■■.-  ^  frMtn  V.im  -■;%- t.  11,  ('.,  t  ■  Au^l';i;;,i  an.i  Nrw  /.-.ihiri'l. 
A  cable  is  T'jt  lai  !  w;'.h  a  unit.rTr,  ' :  ss-'^ci!!  in.  On  the  \\'-')X  •{  ttu  'ncitn.  :i'jrh;ir'5  milc-i  hclow  the  j^urfacc, 
the  rable  rpsts  qitiPtly  ami  is  nor  mnvcfj  hv  storms  whirh  'icnoratc  Rrcat  waver,  rn  lie  surf>ne  of  the  water.  As 
thp  rahle  approarhes  the  shore,  the  movement  of  the  water  S'wr,  dcopcr  and  li"  r'  If  mu!:t  he  mad'r  !icr.vior  to 
prevent  it  from  beind  worn  hy|movemint  on  the  hc<l  of  th  >  ocean.  Where  th  ab!  -  pavscs  t^'-cr  a  ror ky  Lwl'-cm. 
It  IS  m.i'le  miirh  !ar::er  in  rliai  leter  and  i&  hccvily  armor  ■-!. 


HOW    AN    OCEAN    CABLH    IS    LAID 


IJ'.i 


Ictv  is  tlip  (MhU-  steamship  "  C^l'iiiia  "  laying  tlio  slinro  ctvl  of  a  caMc.  Xntc  the  r'uv 
'!  linats  >i|)on  tlio  water  wliii'li  rarry  tlii'  >al>li'  until  tlu'  oncl  in  tlii'  lal'le  oftic  c  is  tiriiily  la-Ii'iii'i!. 
Wlien  this  is  aiLonii)lishi.'cl  the  floats  are  renioveil  and  the  eahle  sinks  to  the  liottoiii. 


The  Storv   in    an   Ocean   Cable 


What   IS   a   Cable   Made  of! 

A  MiiMAHixi;  tck'^Tapli  caMr  a- 
ti'-iiall\'  iiiailc  ronsists  cil  a  rorc  in  the 
renter  n{  wliich  is  a  straml  nl'  iii|iii(r 
wuT  wh It'll  'arics  in  \vei,i;lit  fruiii  m-x  eiil\' 
Id  Iniir  humlreii  ]icnniils  tn  llie  mile. 
SliMiiils  (if  eii]i|ier  win'  in^Ieail  "I  inic 
tliii'k  win'  lit"  copper  are  viseil.  lH'ran--e 
llie  fanner  is  nvn'e  tlexiMe.  'i'lie  i>ip- 
per  ('(jndiietnr  is  ((U-ereil  wilh  several 
c'latin^js  of  riiMier  ol  eciual  weij.;lu  to 
the  copper  wires.  After  this  cniiu', 
a  coating;  of  jtite  si'rN'in^.  then  a  laNir 
of  },'alvani/.eil  inm  wires  anil  liiiallN' 
a  lav'or  of  \arn  and  compotmd  which 
tonus  the  outer  eoM'riiit;  ol  the  caMe. 
In  addilioil  to  this  where  th.e  caMe 
!a\-'.  anions  rocks  that  iiii^;hl  injure 
it,  chains  arc  scctirely  wrappeil  annnid 
it,  so  as  to  iircN'ent.  wear  and  tear  as 
intich  as  possible. 

Yon  iiiaN'  not  b.:i\i'  known  it  hut  the 
caMe  which  lies  on  the  hottoni  where 
tlu^  water  is  deepest  is  never  so  l.arjje 
as  ne;ircr  the  shore  or  in  shallow  water. 


Little  li\-  little  the  men  who  !a\-  and 
look  after  cables  have  fotmd  that  it  is 
ln'^t  lo  have  a  specially'  constnicted 
oilier  eowrins.:  for  ditlerent  .lepths 
and  I'haracter  of  bottoms  so  as  to  pro- 
\ide  th.e  least  possible  dani;er  of  daiiKr^e 
thnmilh  the  action  of  the  water  on  the 
bot;om. 

How  is  a  Cable  Laid? 

When  tlic  cable  of  sniricicnl  lcn:,:th  is 
I'oinpleted,  it  is  carried  to  a  s]iceiallv 
eijuipped  x'cssi'l  which  has  a  '.^reat 
lank  for  hoklin.;  the  cable  and  ihi' 
necess:iry  niachiner\-  for  lowering  it 
over  the  end  of  the  ship  into  the  water. 
The  cable  is  careftilly  coiled  in  the 
tank,  the  ditlerent  coils  beisi;,'  prevented 
fnmi  adhering,'  by  a  coat  of  whitewash, 
h'irst  then,  a  sufficient  leni^lh  of  cable 
is  ]iaid  out  to  ri'ach  the  cable  house  or 
sb.oiv  Hen'  it  is  tin.alK'  tested  to  see 
that  till  entire  length  of  cable  is  in 
working  order.  If  s;itisfactorily  tested, 
the  vessel  steams  slowly  away  on  the 


i:;(i    SlORlNCi  A  CAMLi:  LONG   INOLCiH  TO  CROSS    I  Ml    OCIAN 


In  the  front  of  the  picture  wc  see  the  cable  coming  from  tlir  lank  in  which  it  is  coilc! 
ROCS  over  the  (inim  of  the  ^aylnK■cmt  machine  an<i  thence  to  the  Ikav  ,,f  t!ie  -.hin.  where  it  i, , 
i.ver  Ijig  sheaves  or  pullrv^  and  down  intr.  t)ic  '.cean. 


It 


THl;    MACHIM;R\    on    a    CAHLb    i^hW 


■lol 


i^^L^ 

hlto^!.'  - 

^^^'JSa^fKBM 

'P^B^^^^^^^H 

'-^^^^Hl 

1    *     ^1 

III^H 

^^HH 

m 

nc£?^^^^iV^>4B^                'i-iiSHSSHH^^^H 

l"it  i>.i\  :;',:;-w'ii  ni.Kiiinc.  'I'lie  calili'  ^lak•e^  a  c-nuplr  .  i  uirn-  ,ii->imd  the  bi^'  'Inmi.  wiiijli 
is  coiiiR-  iL-  I  li->  llif  ilial,  so  that  the  dial  iiiilaates  tin;  !on;;th  of  cal'k'  uliieh  has  been  ]i..i  I  out 
into  the  sea. 


The  upper  loi«ai.l  ileik  of  tlie  eable  steamsliip  "  Telconia,"  >hi>uinK  the 
used  in  paving  out  the  cable.  Away  in  the  bow  are  the  big  sheaves  over  whirh 
into  tlie    I  Ne^irer  is  a  dyn.itnori  'A>  ~  which  iiUMsuie.^  t',.'  tension  (jn  tlie  lablc. 


-houmj;  the  t'ear  w'lH-h   is 
the  cable  goes 


4X2 


HOW    TMi;  CABLl.    IS  DROPPtl)  INTO  THE  OCEAN 


J.- 


it  d,v"r  ■  ;;r;;::;;:p,;;'';!;'  [la''::!""''  ^" '' "  ^""^''  ^^^^^'"^  ^^-^^  ^"^  '^'«  '"'"•  ^"--  ^-™  «^ 


THl:    LAIJLl     AkklMS    ON     I  ML    OltUk    Sll>i; 


i:',:{ 


course  utitlinnl,  |iayin>^  mil  tin-  (.iMr 
as  she  j^ocs. 

The  vessi'I  nuist  pay  mil  niDrc  iliaii 
a  mile  i)f  cahle  for  every  \u\\v  she  Iravils 
tieeause  then'  must  he  enimj^li  slaek 
alli)\\e<l  at  th.e  same  time  to  i)ro\iile 
for  tile  iinevenness  of  the  hottoiii  of  the 
Sea.  For  this  purpose  the  amount  of 
eahle  paiil  out  iimsl  he  measured.  This 
is  (lone  hy  the  i)ayin,i;-out  maeliiue, 
whieh  is  shown  in  one  of  the  pic  tuns. 
'i'he  (iilTerenee  hrlween  the  speeil  nl  the 
ship  and  the  ainuuiil  of  ealile  ]iaid  oul 
>,'ives  the  amount  of  slai  k  Too  imieh 
slaek  wotlld  also  he  had,  so  that  it  is 
a  very  pretty  prohleni  to  pay  out  just 
enough  and  hoth  the  speed  of  the 
vessel  and  the  late  of  paying  out  the 
1  alile  iinisl  he  watched  earefulh'. 

( )iu'  of  the  t,'reatest  wonders  ai-eom- 
plished  by  the  in^'emtily  of  man  is  the 
ocean  telej^raph,  li\'  whieh  we  llash 
iness;i>;es  hack  and  forth  undcT  the  sea 
I  let  ween  the  i  ontineiits  and  eoin]jletely 
around  the  world. 


iiardlv'  h.iil  the  telejjraph  heronie  an 
estahhshed  fact,  before  Frofes.sor  .\h)rsi', 
wh(j  made  the  tele>,'raph  iiraetieal. 
expressed  the  belief  that  a  tele),'raph 
line  to  luirope  by  means  of  a  wire  laid 
on  the  bottom  of  the  ocean  was  easily 
p<)ssil)le  at  some  future  time.  Mr 
Cyrus  W.  I'ield.  the  firsi  to  lay  an 
ocean  cable  successfully,  heard  him 
and  in  his  own  mind  .said  "  W'h',  not 
now'"  The  idea  fixed  itsilf  so  llior- 
ou^;hly  in  his  resolute  mind  that  he 
stjoii  said  to  himst'lf  "  It  shall  be  done." 
and  went  to  work,  and  labored  m- 
ces,santly  through  twt'lw  year-^  of  fail- 
ure and  diseoura^ement  before  he 
accomplished  his  la,sk,  whieh  w.as  a 
^real  comi)limenl  to  this  tenant  of 
Amcricati  slick-to-it-ivene,ss. 

While  many  doubted  the  feasibility 
of  the  project  and  otliers  ihout;ht  it 
the  dre.am  of  a  disordered  brain,  Mr. 
Fii'ld  found  many  who  bi'lieved  in  him 
and  his  idea  and  who  loaned  hitn  tlieir 
tinaneial   .-upport    lor   the  imderlakine. 


L.iii'lni^;  the-  shore  oinl  of  ,i  ral)k'.  The  eable  is  supportoil  on  several  hoat.s  and  tliis  picture 
shows  the  inshore  boat  with  the  end  of  the  cable  ro;iching  the  beach  witli  the  seas  Ipreaking  over 
her. 


i;i    nil.  A\i  N  WHO  MM)!.  Tiir  ocrw  cauli.  possiuli; 


nil-     I'lnM  1-R~    c   I     1  III      i  II; 


I   \N    '    \l  LL 


AiiK'rican  K'<-'nius  had  iiui  at  that 
iniif  assorted  its  suprciiiacy  in  iiio- 
ihanics  and  so  the  first  calilc  liad  to  Ik- 
niadi'  in  Iviij^iand;  so  Mr.  Fiuld  ordiTod 
one  lon)^  cnouj^li  to  stritoh  from  llu' 
west  coast  of  Ireland  to  the  eastern 
point  of  Xewfoundlanii.  lui^iish  eap- 
ilalisls  suliserihed  the  motley  and  the 
United  States  i>ro\ided  tlie  vessel  in 
whiih  to  store  and  from  whieli  to  ilio]i 
the  cable  inU)  the  iK-ean 

l"l)t)n  the  first  attempt  to  lay  the 
ealile,  every  thin.y  went  alon^;  nicely 
for  six  da\s.  and  then  suddenly  the 
lahle  broke  when  three  hundred  and 
thirty-five  miles  had  been  laid,  and 
many  said  it  eouM  not  be  doni'.  .Mr. 
Field.  howe-.iT.  full  of  American  pluck 
and  deleniiinalion.  sitid  "  We  will  trv 
ajrain."  A  second  attemjit  was  made 
with  two  shijis,  the  L'.  S.  S.  "Xia).'ara" 
an<l  H.  M.  S.  S.  "Af^aniemnon."  Each 
ship  carried  half  the  cable  and  the\- 
traveled  in  company  to  the  middle 
of  the  fx-ean.  There  the  two  pieces 
of  the  cable  were  spliced  tOL'elhiT  and 
the  shij)S  started  for  the  shores  in  oppo- 
site directions.  Ajjain.  however,  when 
only  a  little  of  the  cable  had  been  paid 


out  a  littU'  iiujre  than  one  hundnd 
miles  in  fact-  the  cable  liroke  and  bolh 
ships  were  forced  to  return  to  Ivn^;!aiui. 
'  In  his  third  attempt  the  cable  was 
finally  laid  clear  across  the  ocean  and 
fastened  at  both  ends.  When  tried  it 
was  found  to  wcrk  siu'cessfullv  and 
(Juten  X'ictoria  and  President  Huclianan 
weri'  able  to  exchange  },'reetini;s  upun 
llu'  achie\cnnil  of  a  woiid'Tfiil  wurk. 
The  ])eo])Ie  celebrated  the  e\eiu  en 
l)f)th  sides  of  the  ocean,  but  in  the  midst 
of  the  festisitics,  while  a  inessjij^i"  was 
bein^  flashed,  .something  happened  to 
the  cable— what,  we  have  never  been 
able  to  learn — and  the  cable  wassileni. 
fores'er. 

Xothiii),' daunted.  howeviT.  .Mr  I-'iiM 
by  hi.s  ^reat  courage  induced  his  iiackiTs 
to  l)uy  him  another  cable  and  the 
'■  Cireat  Ha.stern  "  sailed  upon  what 
was  to  be  a  most  successful  mission. 
Starting;  from  the  American  sidi'  with 
the  greatest  steamshiii  then  known  in 
charge  of  the  jirevious  cable,  the  other 
end  w.'i.s  s.ucc(>ssfti!ly  landrd  r,t  ITi-art-; 
Content.  .\ew.  I'.'nd.  on  julv  27,  1866. 
in  perfect  working  order,  and  the  qnv>- 
tinn  nf  tile  occ'in  telc;<raph  was  solx'ed. 


HOW   CMJI.liS    ARi:    RIPAIkllD 


43.-. 


Wvic    1.    .1 

cablu.     The 

haul  up  tlie  i;ililu  to  the  surface  lor  inspection 

am!  pcrliaps  it  will  have  tu  be  rojiairc  ' 


hii'iv    ul'.i.  ii    i,   .uiili'/rc'l    I'l    the 
eahle   ship   will    pick   it   up   an! 


Tn  this  picture  \vc  see  a  portion  of  a  cable 
which  has  been  fouled  bv  the  anchor  of  a  ship 
iiid  l>a'I!y  damageil.  N'ote  how  the  wires 
are  bunched.  The  cable  splicers  will  ro  to 
work  on  this  and  put  in  a  new  piece  of  cable, 
after  which  it  will  be  let  down  into  the  sea 
again. 


Three  grapnels  used  for  picking  up  a  cable 
.'rnr;'.  t!'.t"  bed  of  t!ie  rvr.-in.  Dr.  the  !."f*  i- 
a  common  grapnel.  In  the  midille  is  a  special 
grapnel  known  as  Trotl-Kingsford.  On  the 
riKh!  IS  tlie  ordin.iry  cutting  gr.apnel.  Xnte 
tiic  knives  on  the  shaft  and  the  insides  of  the 
pruugs.^ 


The  Western  Union  Cable  ship  "  Minia, 
f.ist  in  an  ice  field. 


l::.,    POWFRriL  rN(iI\r.S  MrDIU)  ON   CAEJI.f:    Rf  PAIR   SHIPS 


lliri  .in  tliL"  ix.wcrHil  iiiniin-.  wliuli  iin-  lotil  Im  linking  up  u  cable-  which  has  to  be  raised 
In  111!  the  Ixittum  <>i  the  sea  for  insinrti'in  i.r  n'pair. 


el^^H^9*3BPK^P(    ' 

wKtSKt^M^^^^-^- 

V 

^        T  ■  liM 

■ 

-^     ■  * 

In  this  pi.-Turr  wr  ~rr  rrrn  .it  u■r.rl^•  s])licinf;  ;i  r:il.lc  uiiii  h  h.,-is  liocn  pirke.i  up  out  nf  ilie  liepths 
nf  tlic  sea  and  foun<l  to  he  damaged. 


TMI.  Smi'  WHICH   HILI'LI)   IN   LAVING  THL  IlkST  LAIU.I.      I 


Here  is  one  of  the  inacliines  iisci  for  armoring  the  cable.  By  armnrinK  '■*  meant  xvimlinn 
steel  wins  arounil  an^l  an.iind  the  caMe  to  protect  it  from  lieinK  cut  l>y  shaqj  rocks  on  the  boltont 
or  by  'leep  sea  animals  like  the  terolo,  which  nii};lit  attack  it. 


The  "Great  Ea.-tcrn"  which  waj  ll.c  lir..;.  Jiip  lu  c.rry  a  c.i.lc  acroia  tiio  .\tlantic  Ucc.tii. 


This  is  a  settinn  of  a  teleohone  cable,  known  ,is  a  "  bulge."  It  contains  inductance  coils 
to  offset  what  is  called  the  condenser  capacity  of  the  caljle,  which  would  otherwise  cause  the 
talking  to  l)econic  blurred. 


438        THr  DOTS  AND  DASMI  S  UHIcM  HASH  ACROSS  THi;  SIA 


CONTINENTAL  MORSE  CODE  SIGNALS 
USED  IN  CAHi.E  WORKING 


A  B  C  D 

H  I  J  K 

O  P  Q  R 

V  W  X  Y 


2  3  A 


Era 
i_       M      rvj 

S  T         U 


-\||  Mi'l:in>:  n-pairs  to  .i  cable  wht-ro  it  .-..mrs 

•■111  <■!  ttir  '^ou  nn  lo  ;,  |H,|,i  rnckv  shon-.  \.,t.' 
'■'•«  llif  ,;iWr  t<  wound  «,lh  tli.im  to  i>r..|,vt 
It  fronitIiiT.«k-  ' 


-imp  SwruU  1*  TVy  Apprar  in  Anu.il  WV^fcun 


,.    ■h';:n,rre^::';.e.^,'"":?/^''-"'  '^'-""^  ^^r  continental  .Mor«  code  s,„al,  us.,1  ,-,  cab;,-  ..„„„«    „„|  ,he   -,  •„  1 


operator  who  receives  the  messagr 


()-l)\\     IIIIKI     ARK   M\N^    CMillS  <)\    1111,   IIOIIOM       (i't 


CM.INDI :RS  BIG   JiNOUGH  FOR  MIN  TO  SIT  DOWN   IN 


111 


'■.■5M  ^l 
■  iji  -  5 

:_  z  -f.  ^  S  ^ 


--  -  ^  -  ^ 

-   >  ij  X  Cj 


^r  ■/.   ■/.   ■/.   .r.        I.   J.  ■/,  -f,   A   J,  w 


m 


i'      .il  ''■'      -f;'"--  >.  -!•  ••!  "111!  ..(  Urft  Kii-.il    r.iiln/a.l     iiiaihiiK's,      \Vf    are    atcuslo/ii 
,11.1    olhpr   tti.i,  him-rv  lor  opiTatini;    Ihc   cnifini- ri.^ht    in    the  tia.  k  .,(  th.- cnilinc    ab      Ov 

i  .  .r  ,   r>v  ,nl  „V  the  .'af,    •"ir.'T,  ,  llf  If  *■'•'  '  "'  "'V  .""•'  "P''""""  machinery  i    at  th.-  :„1,-  of      c  lo  omotiv 
1  I  .r  1   rn.,nl  in  the  <ati.      In  f,i,t  thcr<.  is  .1  ,<.m,.U-lc   wt  of  ..pcrntina    machinery  on    lioth  si<l      of  th      ali 

II-  l-.-ipp-r.-  fr,  («.  .-.n        This  !-,  vrry  n  ■.xc:;ar-/,      ir- 

ill  n   tic.        c-tili.tr  pipt.--'  ..*' 


.........  >i>  Liii;  laij.      in  laci  mere  i.-i  a  comrilctc    wt 

1  th  I'  the  cnitlneer  ran  run  the  ..nKin.  fr-m  wha't-vc-  dd.  hi-  i-.-ipp^-r.-  i.-,  r^.  .-.n 
I  .i..4rU  ,11  »»,|i,  ,,,.,,,       S','ir  thf  fi.t  of  the  rail  «ncrc  Iho  onxini  cr  iiwil  to  sit  vou 

' ■     '   f   I      •  ■  ■  .iin"  the  cniiinc    l-ul   i     the  ..ir..m:iti.     ,l.,kcr.  w!.i,  1 

.:..     .  ■-_.  -._i    Mil  n  I'lirc  -f.i"i  I'JHS  of  I  .,.il  [icT  h'l'ir. 


hillv 


,  l..inol 


A  A\ACHINL  WHICH  DOES  THE  WORK  Ol    I  OLR  MREMIN       1 1: 


m 


When  llu'Si'  lar>;L'  !.■.(-.  i;:,.  .live,  ucrc  f.r-l   ii-c  '  i;  u.i-h  i..\m',  \'  .,t  i m-  r,r(':-,,n  <..u|..  >i,.Ail 

ill  enough  coal  to  ke<>|)  Mie  steam  tip.  It  woulil  rcHniirc  Itirte  or  fniir  fi-enicn  workinj;  lon^tantlv 
to  sfvvcl  fiK)iij;li  (<>al  to  kit-p  tl.is  er;;iiic  j;i'irf;.  Man's  inventive  gciius  cjiti  e  to  tlie  froiii, 
hinvevcr.  and  now  we  liave  an  automatii  Trenuin.  so  to  spealc.  Ii;^u..d  of  vliovelin);  eoiil  on  one 
of  tlie-ie  enuint.-i  the  Urcnian  merely  o[Hvatcs  a  U  ver.  Tliis  is  a  picture  (f  llie  Sweet  Ux-oniotive 
stokir  installed  in  a  railn  :i'!  en;;iiu'.  Tliis  machine  automatically  coi-.veys  coai  from  the  tender 
to  tin-  loci, in  >tivr.  laiscs  it  by  an  elev.itir  to  a  point  above  the  lire  door,  dumps  it  into  t!ie  iirc- 
box  and  spreads  it  evenly  over  the  (;rate. 


Jiii_-  lo  liic  new  t:.pe  ,jf  ckcliK  locomotive  bciiis;  i..-c(l  bv  llie  New  York  Ctiiir^l  lAilt:; 


Ill     MOW    A  FAST  TRAIN  TAKES  WATER  WITHOUT  ST()I'J>I\G 


:.""'-_':.  :',*\     '.'"»  P'''-'-!«  ^h.'.'"»  •»  <•"'"  l«"li  iHtween  the  tra,  l:s  n-hich  i-nal.li-s  the  cnKinevr  to  I  II  hi.  Unlers 


with 

ei 

b 


en.l  ..f  whM?',°,"i"S.,t'^,'''''Tl"' m"  f  "•■«'-.'"">-'Jh.s  tVnk'the'en.-iiicer'Milpiy  "i.'nvcrs  a  tube  into  ih,.-  water,  the 
en.t  ..I  v^nu  \i  IS  a  .c^x,p.      fliu-  muvmu  en,;mi-  ihuj  lorcei  the  wau-r  up  i..t  j  the  tube,  from  wlUch  it  runs  int..  the 


.       -   -H  Munal  tuwcr  Irom  wh.ch  jwilrhes  are  operated.     H  you  were  ev-r  in  a  siunal  ".^tr 

:    ,•     .    ■■    '*!';  ".V""-  '■■'■  V'"'  ^re   us,.  1  (.,«,„„«  a  r.,..,„  f,,;i  .,f  levers  wh,.  h  thi-  tnwTr  m"?  hiwU.) 

.     ,      '.u  '  •tir"W.:>  «"ii,h,      Bv  me  -jM  wav  tht-  en.l  -.t  the  Ipvnr  w,-   ..■  ..  t^.j.l  ..j  ,  "llr    •  hi.-h 

1    1,.;,  l''".ii''^   'n'"'' ..    '■■'   ""V  '"""'"X  I'TiJUKh  pipes,  when  the  ..perator  pulli;.:  the  lever  the     witch 

!  -hut  l,y  the  pu  1  on  the  wire.      In  this  new  plan  the  swuch  is  control  e.l  bv  ele<  Iricity.Md  the  operuor 

tu  imi;  .^u!  tt  plu«  ai  shuwn  in  the  picture,  whi;h  's  mu.h  easier  than  opcratin,:  a  lever.  "P^-'tor 


WHAT    MAKES  A   VMRFLFSS    MESSAGE   GO 
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Skct.li  shiiwiiin  ,irr,iii>;fnu'nt  'i|  ai'ri.il  "ii  sliip  i'<niii>|iC'l  with  tin-  M.iiiiiiii  Duation  I'iii  ler 
nil  inslrumenl  which  tells  tin.'  sea  i-;iplain  iht-  ex;u-t  pnints  of  thi'  tumpass  from  which,  wireless 
distress  siyiials  are  beiny  sent  ami  eiialjlcs  ships  to  avoid  eoUisions  in  fog. 


The  Story  in  the   Wireless 


What  IS  the  Principle  of  the  Wireless 
Telep^raphy  ? 

nr(i|]  a  sioiK'  in  a  ])cn>\  of  water. 
Circular  waves  or  ripples  will  travel 
outward  in  all  ilircilions.  That  is 
the  iirinnpir  i<i  wireless  teK'L'rapli. 

If  a  rhip  lie  filiating;  on  the  water 
it  will  l>e  V'lrkc.l  liveach  ripi)!c,  just 
as  a  wireless  reeeivinj;  station  will 
respond  to  the  (.•U'ctri'^al  w:ives  or 
iinpul.ses  that  make  np  a  wireless 
message.  Ft  is  nut  known  just  how 
the  in\'isilile  wireless  waves  are  pro- 
pelk-d  throni;h  space,  hut  they  travel 
throti),'h  the  ether  in  the  air  in  verv 
much  the  same  way  as  do  soiitid 
waves.  'Hie  I'lei-trical  sij^'nals,  tiKi.  are 
received  only  hy  ajiparatus  that  is 
attuned  to  them;  that  is,  they  can  w' 
be  heard  except  a'  wireless  st;itioti~, 
any  more  than  sound  lan  Ue  heard  by 
th''  e  fs  of  a  deaf  person. 


The  wirclcs!;  w,i\-cs  havo  .a  dofinite 
len).;th,  can  l)e  measured  in  feet  or 
meters,  and  are  re),'ulateil  acinidini; 
to  the  distance  the  mes.sa^je  i>  to 
travel.  Stations  that  send  a  few  lun- 
drcd  miles  use  a  wave  length  of  si.\ 
hiiti'hcd  meters,  or  less,  while  at  the 
powerful  land  stations  used  for  irans- 
atl.iniic  work  tlu'  wave  leinrths  used  run 
into  .1^  iiiaiiN'  thousand--. 

Why    Don't    tlie    Messages    Go   to    the 

Wrong;  Statons  ? 

So  liial  the  hundreds  of  messatjes 
hurtlins.'  ihrfmK'h  space  at  the  same 
time  will  n;)t  in'erfere.  tlie  wireless 
stations  are  eciuipped  with  tuninjj- 
apjiaralus  through  which  tlu-  t-an 
adjust  their  wave  len).,'th  to  ri'cei\-e 
the  jiarticular  message  desircij  .\  dif- 
ferent wa\e  length  is  used  l'\  each 
siiip  or  wireless  shore  station,  aii't  c\en 
thouf^h  dozens  <^f  messages  lill  the  air, 


\mri:li;ss  ri;\chiiS  ships  at  sea 


k 


_  T  n-  .\!..r,"in  Wiuliv^  -t.ii:i.ii  ..:  ...  :. 
I'l.,.,  ttliiili  is  lypii-.il  i.f  till-  shore  >iat!nii- 
th.it  hiinilli-  inessagi'S  to  several  thi.us.in'i 
•-'  ips  at  SC.I. 

till'  iiiiimir  the  wireless-  otwniUir  :i(l- 
jtists  Ills  HiniT  lc>  ihf  K-iiulh  ..|"  thr 
station  ho  is  jiltt-r.  thai  parti.iilar 
message  stands  oiu  \i'ry  stni;v.I\  run) 
all  tlir  (itlu  r>  .t;i"ii«   dim. 

How  Docs  the  \Vn(^l"ss  Reach  Ships  at 
Sea? 

All  ships  at  sea  rci.urt  ilicir  posi- 
tiims  rcj:iilarl\  :  thus  it  is  a  simple 
matter  for  a  shore  station  to  semi  a 
wireless  ii-ess;i.L;e  to  the  ship  to  whirh 
it  is  addressed.  I",,r  exatni  K'.  the 
Mireoni  station  at  Sea  date.  Xew 
Vork.  wants  to  reaeh  ll.e  I.iisitania. 
Tile  operator  looks  up  tha!  vessel  on 
the  list  ;  ml  note-  t.er  call  si:';ial  ai!<I 
wave  len-th  lie  adiiis!  ^  his  Hnur 
to  rnrrespond  and  calls  l-et  si^^nal. 
M  I"  .\.  reLeatiiiL'  it  thn-e  titnos. 

The  wireless  mrin  on  the  vessel, 
knowini;  that  he  is  within  ratij^e  of  a 
shore  station,  ha.-:  set  hi>  inner  at  the 
wave  leiiL'th  a.s,sij;ne<l  to  him  and  is 
listenin).:.  When  iiis  call  letters  are 
heard,  he  .-uknowledi^'cs  them  and  si--- 


11....-    t..    Ko    ahead    with    the    tno.s,s;i).e 
When  11   has  l.een  >;iven,   the  Sea  Gate 

St.lllOll  ••    sj;..,,,         ,,11     ••  „,t|,  jj..         ^,,^|j 

letur-  \V  S  !•;  and  the  ship  <.|H-ratnr 
inter-  m  his  reeor.l  that  that  parti.ular 
nussi-e  n-aihed  him  \  ia  the  Mareoni 
station  at  Sea  Cate.  Thtis.  with  the 
WKJe  \anet.v  in  Wave  li'ilvlhs.  no  e„n- 
lii-ioii  oi  mes.saj;es  exists  and  anv  de- 
sired ship  or  shon-  st.-ition  eaii  he  called 
.lUst  as  a  direit  telephone  connection 
1-  -ecnre.1  li\  ijivin.-  the  .entral  station 
llic     call     niimher    of     the     sul>.scnl)t;r 


Vv'hat    i:i;;d   of   Signs   Arc   Usi-d    m    th-- 
Wireless.' 

'i"he  actual  wireless  tnes.saj:e  i-  com. 
io-c.l  oi  d..is  and  da.shes  which,  in 
ceriaiii  <oiiil.inalion-.  siaml  lor  certain 
1  It.rs  .,r  the  alphabet.  This  is  .l.me 
:!mm!.;h  ooenini;  anil  closin.i;  the  elec- 
;iic;il  circnit  l.v  i.res-iri-;  a  kev.  a  -lian. 
touch  t.,ni,in-  a  dot  ami  a  l-.n^or 
pres.-ure  a  ,ia-h.  as  with  th, 
H'le^'raph. 

Il  secrecy  in  a  wiuless  n  (•s.s;ij^e  is 
wanted,  the  wonls  are  sent  in  cipher 
win.  h,  of  ,,nirse,  cannot  he  understiMMl 
l'>  oiiuiders.  The  ( '.ovenimcni  semis 
ilioiisiimls  oi"  words  each  dav  without 
a  s,n..;le  word  mean'iif^  ainth  n;.;  to 
the  wirek'ss  stations  that  happen  to 
I'v  •■  h-tenin^;  in."  While  it  is  true 
that  any  one  ownin.!,'  a  wireless  reeeiv- 
'Ul;  set  may  li.-;tcii  to  mes.saj^es  living' 
Ihrouirh  the  air.  ev.Tv  person  within 
heariii-  who  understands  the  .Morsf 
('o.le  can  rea<l  the  telegrams  that  ...me 
"ilo  a  te!e-rai.h  oiri.v.  Knowle.lue 
I  Iris  Kamed.  however,  is  of  little  value. 
:is  the  law  provi.le.l  hcri\  v  penalties 
tor  diselosin..,'  tlie  contents  of  any  kind 
ot  tt  'v.,T;i'ih  mes,,-,,-,. 


wire 


Whit  Does  a  Wireless  Eqiiiimieiit  Con- 
sist of? 

I  he  various  apjiiitatiis  that  comprises 
a  wireless  e(|uipment  <aii  not  he  prop- 
erly explained  without  the  us<'  of  tech- 
nical laiiK'naize.  hut  the  Kineral  prin- 
ciple   of    operation    is    s.nnewhat 


l!    .-1    sn!,-p!!    !»>,-.;■,    (,f 


as 


p    oi    copper 


f..'l.v 

wi  .'.  with  a  slight  .separation  hetwecn 

the    ends,    is    placed    across    a    room 


THE   WIRHLtSS    IN    TUT    \U\\\ 


ii; 


Station 


U'  ikklM.     nil      U  ll;|  I 

from  an  eleitrii-  spark,  it  will  lie  sli;  '  .Iv 
arfi'ili-il.  IiuTi'asi'  llif  I'U'ciriial  lur- 
ivni  I.,  far  t;rcaliT  powvr  and  ((iiitrnl 
il.  anil  llii'  invisiliU"  I'lcctrical  waw 
may  be  thrown  many  mik's.  i'o  -cm  I 
.■  nie>sa^c  across  tho  oct-aii.  the  cur- 
rent iiM'il  liy  the  modern  wireless 
stalimi  is  so  powerful  that  it  will  pass 
lliroiii^h  stonn  and  Uia.  even  throii^jh 
mountains,  without  losinj.;  much  of 
its  force.  When  this  tremendous  force 
i^  reli'ased  hy  pressing  the  ti'lej.;raph 
key.  it  leaps  from  the  aerial  wires, 
or  antennae,  travels  across  the  Atlantic 
and  is  picked  up  hy  a  corresponding 
aerial,  alUuicd  to  recenc  the  sig- 
nal. 

'Hie  a(-rial.  or  antennae,  as  it  is  called 
in  a  wireless  work,  is  ni.idc  up  of  cop- 
|itT  wires.  On  a  ship  these  are  stmn.i,' 
U'tween  the  masts,  usually  consist- 
ing of  two,  four  or  six  wires  held  apart 


hy  cros,spicee<.  Two  or  more  wires 
lead  down  from  this  t  the  wireless 
cahin. 

The  roil  or  trail,  toniicr  i--  the  .ajjpara- 
tu^  wiii'ii  |M.niuii,>  iiie  >iiark  thai 
fonns  the  elect ricai  waves.  In  small 
stations,     the     lcni;th     .and     thickness 


I'.ick  and  ridinj;  lioraes 
n'U|)^^l  together  icaiiy 
(■r  unloinling  tlii'  M;irioni 
virelcss  -it't    usei    in    the 

«.A.,lr'. 


of  the  spark  and  ilu'  --I'eiMl  of  xihration 
is  rej^Tilati'd  l>y  a  ihuml)  screw.  Trans- 
tonners  ,ire  used  when  the  power  is 
taken  from  the  altenialinu  curreni  ni" 
an  electric  lij^ht  circuit. 

The  j^.ip.  which  the  electrical  eurrenl 
jumps  when  the  telep.raph  kev  i-  ■  resM-d 
ilown.  is  composed  of  two  rod  uhiih 
slide  to'^'ether  or  apart  to  var>-  the  length 
of  the  spark. 

The  simplest  tv-jie  of  sendinj,'  sta- 
tion consists  of  the  antenna,  hattery. 
eoil,  wireless  key  and  spark  k^M'-  '' 
a  chauije  in  wave  length  is  desired  ,i 
transmitting'  tuning'  eoil  mu.st  he  added 

The  rcceivini,'  apparatus  contains  a 
detector,  which  is  ehielly  two  mineral 
points  li<,'htlv  touchiiiK'  and  connected 
with  a  sensitive  head  telephone.  The 
incoming,'  si.unals  are  heard  as  lonj;  and 
short  huzzni!.;  sotmds  corresponding'  to 
the  dots  and  d.ishes.  The  reecivini; 
luninu  eoil.  ust>d  to  adjust  wave 
lengths,  is  oiHTated  hy  si"ipl\-  moviiii.; 
sliding,'  contacts  alons.;  a  har  until  the 
si^'nals  are  more  plainly  heard  While 
the  iar>,'e  stations  ii.ivc  more  com- 
plicated  apparatus,  the  principle  re- 
mains the  siime. 


44S 


mil    HlLKiHT    OV    UlKHLtSS    MASTS 


The  masts  for  the  cavalry  wire- 
less sets  are  mi  attacheil  that  they 
•  cti  lie  Iiailcd  ari'l  iinli.aile.1  with 
t'f  utmost   rapidity:     i    nim|)Icti' 

•  itiiin  can  liecrotcd  i>r ilismantlrtl 

■    Ics-  than  ten  minutes. 


The  ;;as"hne  eiiKuie  ivliich  sup- 
phes  the  power  for  ojx'ratinK  ;. 
<avalry  wireless  -^lation  is  litte'! 
II'  till'  sai'dlc  frame  an.i  is  lij;lii 
enouKh  to  be  carnel  by  one  horsi 


nil    \\  iKi  1  1-,  |\   11,1 


How    High    Do    Wireless    Masts    Have 

to  be' 
_ '1"1k'  idwirin.i;  iii.i^t-.  ni  ilu-  Manum 
'rrans-Oroanir  stations  arc  oftiTi  sup- 
pnsrd  to  rise  tr.  thoir  (,'reat  liciKht.  so 
that  an  ai.'i'iiiiac  will  ho  r  ■•,•(]  ahovi- 
the  ul,-tni(  lions  hetwi-on.  If  this  wore 
nrc  .■^■,ar\-,  two  wircloss  stations  scpa- 
ratod  by  the  Atlantic  wotiM  have  to 
have  masts  one  hiindreil  and  twentv- 
tivo  miles  hii,'h  to  rise  aliove  the  ciir- 
\atiire  of  the  earth.  The  jiath  of  the 
\vi  less  waves,  however,  is  not  jn  ,i 
strai^'ht  line,  lait  follows  the  curva- 
tnre  of  the  earth  Scientists  ex])lain 
''■••■-  hy  sayini;  the  rarefied  air  al.. .\. 
ilic  earth's  surf.Kc  acts  as  ,i  shell 
enciosinL'  the  clolie. 


1  he  sjiecd  of  wireless  messages  is 
placed  at  iS().ooo  miles  per  second. 
.\  wireless  mess.iL'c  will  thn-  cro;;  the 
Atl.antic  in  alxnii  onc-niintr, mli  of 
a  second  a  period  ,•(  tinu-  too  small 
for  the  human  miml  to  L-r.isp.  [n 
other  words,  ih,.  wireless  f,-.  .h  eres-rs 
in  a  fraction  of  ;i  second  .i  di  tanec 
th.it  the  earth  requires  li\c  hotirs 
to  Hint  oti  its  axis  and  the  fastest 
ships  take  nearK-  :\   week  to  eross. 

The  lon-i  t  ilistaiii'e  over  which  a 
wireless  messaLu-  e.m  he  sent  i-  not 
delinitclv  known;  the  present  i. vord 
\\as  m.ide  in  September,  njio.  liv 
.'waieoMi  iroTii  Clifden.  Irel.and.  to 
Buenos  Aires,  Argentina,  a  distance 
ot  ()7oo  iTiiles. 
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450     HOW    THI.   UlklLfSS    IS    INSIALLID   ON    PAST  TRAINS 


KMLKiiAU    UlKLLi;--. — ASM  NNA    ON    (.AU^ 


WIRELESS   STATION   ON   TRAINS. 


WlkllISS    STVTION    IN    I.    S.    A.,  MN 


<';iy  'I  '.c  Ml  ;  .  i.iuiuii  ..i.itjuii    1 
iiKutcs  with  trains. 


R.R.,  :    uwiiijj   .iLTial  '!   uinli-s   «hn.)i   c<mi:-"j 


Nil      M\\    WHO    INMMII)   WIRII.ISS    ILIIdkM'HN 


(•iiKlii'Irno  Mannni. 
Inventi.r  '•!'  wirtlt-as  tclcKr.iphy. 

The  Man  Wlm  Iiucntrd  Wireless  Teleg- 
raphy. 

Comiimniration  without  wires  for 
thousarnis  of  niiKs  across  oceans,  from 
coiitint'iil  tucoiuiiK'tit,  is  a  far  cry  from 
Sl■nllin^;  a  wirt'lcss  imimlse  ihc  k'n^;th 
of  a  kitchen  lal  ile.  That  is  the  develop- 
nieiil  of  twenty  years. 

To  iiroperly  trace  the  development 
of  winkss  telejjraphy,  however,  it  is 
necess;iry  to  >;o  hack  eijjluy-three  years 
to  when,  in  iS.^i,  Michael  Faraday 
discovered  electro-ma),'netic  induction 
lietwecn  two  iiuirely  separate  cir- 
cuits, Steinheil,  (jf  .\Iuiiich.  too,  in 
lH,vS,  suKK'i-stcd  that  the  iiielallic  por- 
tion of  a  grounded  electrical  circuit 
mi^;hl  In-  dis|M.'nM(l  with  and  a  system 
of  wireless  tck;^niiihy  established. 
Then,  in  i.s?!),  HowTnan  Lindsay  denKjn- 
straled  to  the  Brili.sh  As.s(Hiation  his 
method  of  transmiltinj,'  messajjcs  by 
mcaivs  of  maKnelism  throu).;h  and 
across  the  water  without  submerj^cd 
wires,  in  i.Sfiy  James  Clerk  Ma.\well 
laid  down  the  tlvory  of  eiectro-maK- 
netism  ami  predicted  the  existence  of 
the  eleilric  wa\-es  that  are  now  used  in 
wireless  tclet,'raphy.  Dolbcar,  of  Tufts 
C"()lle;;e,  in  iS,^6,  ])atented  a  plan  for 
eslabli.shinj,'  wireless  communication  by 
means  of  two  iiisuiated  elevated  plates, 
but  there  is  no  evidence  that  the  methcjd 
proposed  by  him  ellectcd  the  trans- 
mission of  signals  l)etween  stations 
Separated    bv    aiiv    distance.      .X     year 


later  Heinric  h  Rudolph  Hertz  dis- 
covered the  pro|,'ressive  propagation 
of  elivtro-niaunetie  action  through  space 
and  aeoMiiijlishetl  the  most  valuable 
wofVc  in  this  iKTitxl  of  sixculalion  and 
f.\|)eriment. 

Ju.sl  twenty  years  a^o,  at  his  father's 
country  liome  in  Bolo^^na,  ('iu>;lielm«i 
Marconi,  then  a  lad  just  nut  of  his 
'teens,  read  of  the  exjieriments  of 
Hertz  and  eoneeive<l  the  first  wire- 
less telej;raph  apparatus.  This  was 
completed  .sotue  months  later  and  a 
mcs.s;ij,'e  in  the  Morse  CcmIc  was  trans- 
mittetl  a  distance  of  three  nr  four 
feet,  the  lenulh  of  the  table  on  wiiieh 
the  apparatus  resteil. 

Satisfied  that  he  had  laiil  the  founda- 
tion of  an  ep(Kh-makiiiK  discovery 
\-ounK  Marconi  jmrsued  his  exi)eri- 
ments  J'nd  filed  the  first  patent  on  the 
subject  on  June  2,  1896.  Further 
experiments  were  carried  on  in  London 
during;  tha'  year  and  at  the  nciuest 
of  Sir  William  H.  Preece,  of  the  Hrilish 
Post  Ofhce,  otlicial  tests  wire  made, 
first  over  a  distance  of  about  100 
yards  and  later  for  tme  and  thrce- 
(|uarter  miles. 

OurinK  the  year  fuIlowiiiK  .Mr.  .Mar- 
coni >;ave  si-veral  demonstratioiis  to 
the  oilicials  of  the  various  luirojicm 
j^ovemments  and  ("(jmmunicatinn  was 
established  up  to  34  miles.  In  July 
of  this  year.  iSij;,  the  first  commercial 
wiri'less  tele^Taph  comjiany  w.is  incor- 
porated in  LuKland  and  the  first  Mar- 
coni station  was  erected  at  the  Xeedles. 
Isle  of  \Vi},'ht. 

On  June  ^,  iScj^,  Lord  Kelvin  visited 
this  station  and  sent  the  first  paid 
Marconij^'ram.  A  month  later  the 
events  of  the  Kin^'stown  RcKalta  in 
Dublin  were  rei)nrted  by  wireless  iclcK- 
raphy  for  a  local  newspaper  from  the 
steamer  "  Myin^,'  Iluntres-."  In  Aus'usi 
of  that  year  the  rox'al  \.ulii  "(jslioni" 
was  e{iuipiK'd  with  a  wireless  set,  in 
order  tint  (Jueen  X'ictoria  miK'ht  com- 
municate with  the  Prince  of  Wales, 
who  was  at  Ladywood  t'otla>,'e  and 
sulTerinK  from  the  results  of  an  .acci- 
dent to  his  knee,  l^'or  sixteen  (la\s, 
constant  .and  uninterniiitecl  ciniinnmi- 
cation     was     inaint.aiiu  d.        'i'licii     on 


i"kii'\ki\(i  TO  SIM)  MissA(iiis    xckoss   rm    oli w     r 


s;ij;is  art'  prip  iri-l  fur  ilirivt  transiiiiss'on 
arruss  the  CKiun.  TIil-  ilots  ami  <laslit's  if 
tlir  tflfjjrapliii'  cixK"  are  pmidiol  mi  tapes  lis 
■iliillnl  (ipiTat'irs,  tlnis  insuring  aicuraiy  aii'l 
a  iKTiiiaiRMit  riH-ord  of  each  mossiiKe.  Fivi 
i>r  six  iipfrators.  ami  sfimrtinics  mure,  an- 
steailily  prfparinK  tlicsi-  fa|K's,  whkli  arc 
pastel  ti.ycilur  ami  nm  thr"iin;li  a  niaihinL- 
wliiih  iiptrati's  tlio  key  at  rai  h  pfrforatiiiii. 
A  ^p.i-1  i.f  1(H)  wonls  a  niiiiutr  is  thus  <<\i- 
l.iillr.1. 


Clinsttnas  Evo  was  inau^uralid  llir 
first  linlitship  wiri-U'ss  stTvicc,  iiu'ssaK't's 
hciii;,'  si'iit  iVoiii  tlio  ICast  CuKxlwin 
liKluship  to  the  li^'hthoust'  at  SoiiUi 
I'nrclaiKl. 

Tliriv  iiioiitlis  later  thi'  first  marine 
rescue  was  i-l'iVeled  liinniL;!!  this  instal- 
lation. The  steamship  "  R.  F.  Mat- 
thews "  ran  into  the  lij^'htship  ami 
lilelioats  from  the  South  Fore!an<l 
station  promptly  rcsponileil  to  the 
wireless  apiK'al  for  aiil.  'Die  most 
important  wireless  event  abroad  dur- 
ing,' the  \ear  i.S()()  was  the  estahlishiii'; 
of  eommunieation  across  the  Kni;li'ili 
Channel,  a  distance  of  thirty  miles. 

'riu'  American  puhlie  ne.st  leanieil 
something'  of  Marconi's  invention,  for 
in  Scpicmher  and  Octolx-T  of  that  year 
wireless  tcle^'raphy  was  employed  in 
nportin.L^  the  Intem.it ion.al  v.u'ht  races 
iKtweenlhe  "Shamnx-k"  and  the  "Co 
lumhia"  for  ;i  New  York  newspaper. 
At.  '!i>' conchiMnn;  of  the  races,  the  naval 


authorities  re<|uested  a  scries  of  trials, 
during;  which  wireless  mess;i;;es  were 
c\ctiant.;<'d  Ketween  the  eniiser  "  New 
\  ork  "  and  the  battleship  "  Massa- 
1  hu.s<'tts  ■'  up  to  a  dist;iiue  of  aUmt 
.i'l  miles.  On  leaviti;;  Americi,  Marconi 
filled  the  liner  "St.  Paul"  with  his 
at  |)aratus  aiicl  when  .<'>  miUs  from  the 
.\i-cdles  Station,  .securid  wireless  re- 
ports t)f  the  war  in  South  Africa. 
'!  he.si'  weR'  printed  aboard  the  \esscl  in 
.1  leaflet  eallid  "The  Transatl.inlic 
'limes."  the  first  of  the  chain  <if  wire- 
liss  ucwspaiHTs  now  published  dail\' 
"u     practically    all     jiassen^jer    Mi.im- 

hips.  Six  field  wireless  sets  were  dis- 
patihed  to  South  Africa  alxntt  this 
time   and    were    laliT    of    considerable 

'Tviee  in  the  Mikt  War. 

The  year  ri>oo  brou;;ht  the  first 
eoinmereial  wiri'li'ss  eontr.icts.  By 
ajjreemi'iit  with  the  Xorddeutscher 
Lloyd,  Marconi  apparatus  was  installi'd 
on  a  lightship,  a  li^;hthouse  and  aboard 
the  liner  "Kaisir  Willulm  der  Oros.se." 
On  Inly  4th  the  Mritisli  Admiralty 
entered  into  a  contract  for  the  instal- 
lation of  Marconi  ap])aratus  on  thirt\-- 


III  I'll-  l'"f_:niuii  I  '.I  I,,-~  jr.  i:irr  i~  --tv'il 
ttie  :ititi>tii.'itir  traiis'iiittiT  witli  th.e  n'.cssiiL'e 
pi-rfiiratoil  taiic'  ninnin^;  tlirnriKli.  Tliis  is 
line  of  the  smaller  uirelrss  i'(|!iipir)fiUs:  nimli 
larjjer  ones  are  used  at  tile  new  Marconi 
Etauons. 
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two  \v;irships  ami  ^Iiorf  station-^  and 
llu'  t'R'i'iiiil  lit'  the  llij^h  jinwiT  statinii 
at  I'dMIhi  wa^  loimiii'tucil. 

Work  oil  >iiiiilar  slalion  at  ("ajK-  ("ml 
Aa^  hi-j^uii  I'arlv  in  moi  ami  "iii  .\ll^;^t^t 
i-'th  tlu'  l"an)i>ns  NaiiUicki'l  i>laml  ami 
NatittU'kil  IiL;!uslii|i  slalinns  niniuil 
t'l  rt'i"ir;  iniMiiiiiii;  vcsst'ls  hy  wirc- 
Ifss.  IKavv  i^ali's  in  Si'iitnnlKT  ami 
NinrinhiT  WTi'i'kt'il  llu-  masts  at  Imth 
l'<)l<]lni  ami  CaiK-  ('(kI  slat  inns  ami  thcsf 
utTi'  ri'plaiiil  l>y  I'onr  \viiinUti  tnwirs. 
.'lo  I'li'i  liiKli  Iini«prtanl  i'Xp»TinH'mal 
Work  ua~  thru  shil'tcil  to  St.  John's. 
Ni'wfoiimllanil.  ami  on  Di'ivirlnT  utli 
ami  1  ;lli.  sij^iials  wcri'  n'ii'i\o<i  across 
:]'A-  Atlantic  iVoin  Poldliii.  This  to 
Nhirconi  wa:.  a  iifcai  achicvctni'iu  and 
the  forcninncr  ot"  the  iircsrnt  day  tran>- 
allanlii'  siniir.  Hul  with  the  an- 
nouiia'tmiit  that  the  loii>,'  drcainl  of 
feat  had  ln'i'n  aii-oniplislu'd  a  fliKid 
ol  vitiipiration  I'roni  scicnlific  men 
Was  li'l  liH)Sf.  It  was  nonscnsi';  it 
was  di'lilKTati"  dcci'iilion;  the  roa<linv; 
u.is  in  error,  were  atiionj,'  the  com- 
inrnls.  .XiiotluT  prank  ol'  the  "  yonni; 
man  with  a  box.'"  one  scientist  UTincd 
it  It  is  ainusini;  now  to  recall  thi- 
extraordinary  treat. nent.  luit  it  wa- 
hanlly  so  amusin^^  lo  tlu'  \oini).;  in- 
\cnior.  then  in  his  twei.ly-scventh  \i'ar. 

Mat  ill  spiti'  ol"  tlu-  .kcplici  in.  <K- 
\ilopnicnts  followed  rai'idly  from  then 
on  ■ind  in  kjoj.  tlie  ye;ir  in  which  the 
.\niericaa  Marconi  Company  was  es- 
lal'lished.  full  r^.■co^;nitioIl  t.i  wireless 
tek'u'raiihy  w;i.s  j^iven  liy  tin  various 
"  •\-eninients. 

The  wonderful  }.;r')Wlh  of  ilie  ^'arl•<)ni 
s\>lem  within  t!ie  last  twetvi'  years 
is  well  known  to  all  and  dix's  not  rejuirc 
di'lailiiiK-  But  in  view  ot  its  youth 
as  an  ii,dustr\-  and  it>  inanspici  nis 
lKV"'inin;;.  a  ^'linipse  into  vital  ihi' 
presi'ii  day  Maiconi  svslem  coiiiprist's 
may  !k'  interesting;. 

More  than    iSoo  .ships  are  eiiuipped 
with    Marconi    wireless    and    its    slmri' 
stations  ari'    landmarks    in    practiially 
\(Ty  country  on  the  ^IoIk-. 

Press  and  <omnieri-ial  messages  are 
transmil>e<l  daily  Ironi  eontiiieiit  to 
continent  direct. 

Shore  lo  ship  and  ship  to  shore  busi- 


ness each    >ear   runs   into  millions   of 
word>. 

Marconi  wireless  wit  inn  seventeen 
years,  has  heconu'  an  alisohile  neces- 
sity in  the  nia'"itime  field,  an  invaluahle 
aid  •  ■  other.i.  Re^'ular  communica- 
tioi;  lias  ln'cn  eslahlished  with  iciliound 
Settlements  and  desert  communitii's. 
and  oilicial  niniiinj;  orders  transmitted 
lo  inoviii).;  railway  irain>.  Its  siTviee 
i.  depeiiclalili'  under  all  conditions  and 
einliraces  aclivitii's  and  l(Katioiis  inac- 
cessilile  to  any  other  lelenraiih  system. 
("ontinuous  si'r\ice  is  maii.tained  ami 
wireless  m-'ssaiies  for  all  jiarts  of  the 
World  at  ^reath'  reiluci'd  rates  .m 
rcci'ived  at  aiiv  Western  L'nion  OlVictv 

The  direction  tinder  ■■■.\v\  wireU-ss 
eomjiass  are  rci-ent  Marconi  invtiitions. 

A  wide  variety  of  tyjies  of  Marconi 
iciuipnu'iit  are  desis^ned  for  the  mer- 
chant nariiic.  warshijis,  submarines. 
pleasure  craft,  motor  cars  and  rail- 
road train..;  also  jiortable  si),'nal  corps 
sets,  apiiarrlus  for  aircraft.  cavalr\ 
sets,  knap.siick  sets  and  Iiij,'h-power 
installations  I'or  trans-ocean  eoinmuni- 
cation. 

How  Does  a  Fly  Walk  Upside  Down  ;' 

i  .!>.:  e  i~  .1  i;;;.i.  -Li,  i,i  ;  -ii  I'.-i.  I.  ::>1  I'l 
each  of  the  tly'^  feet  uliich  makes  lii^ 
loot  -tick  to  the  ceilini;  or  a!iy  other 
place  lie  w..iks.  aad  which  he  can  cmitrol 
.1.  will.  It  is  made  very  much  like 
the  slicker  you  have  seen  with  which  a 
1h)\  can  pick  up  a  tlat  stone  —a  circu 
I.ir  ]iiece  of  riihher  or  Icatiier  with  a 
string.;  in  the  middle  ami  more  or  lc->  hell 
shaped  iiiiilcriuath.  A  hoy  can  pick  up  a 
ll.it  sloiie  uilli  this  kind  of  a  sucker  li\ 
pres-iiii;  the  nihher  or  le.itlu'r  part 
down  llat  on  the  sicine  and  then  pulHiii; 
L;entl\  on  it  hy  the  siriiii,'.  When  he 
iloc>  this  he  simjilv  expels  \'.  r  ,iir  which 
is  lietween  the  li  allier  ]';irl  of  the  sucker 
,ind  the  siuiie.  which  creates  a  v.iciiiim 
.iiid  the  pressure  of  the  air  en  the  out- 
side  [lart  of  the  leather  eii.iMcs  him  to 
pick  it  up.  The  tly  has  little  sucker'? 
like  these  on  e.ich  of  his  feet,  and  tiiev 
act  autoiiiaticallv  when  he  puts  his  foot 
down.  '  H  course  the  sticking,'  iiower  of 
each  foot  is  adjusted  lo  the  weiirht  if 
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llic  lly.  ju-t  as  tlic  stlckin;^  or  lil'.iiii; 
IHiuor  of  tile  boy's  sucker  is  rcmilateij 
!>>•  the  weicjht  of  the  stnm'  "r  (ithcr  oh 
jilt  he  tries  to  ])iek  u]k  it'  tlie  \\eiL;lii 
of  the  ohject  is  sutTioient  to  overeonu- 
the  stiekiiiL:  p'urr  whieh  the  v.iemmi 
I  l-e:ite-,   ihr   -!o'ir  i-:ntiiot  lie  litie'!. 

What  Is  Money? 

It  :-  ijiiite  .iil'lieuh  I  i  i;ive  a  iiro.ii! 
(liliiutioii  of  money  that  will  ]>v  uii'Ier 
stood  by  all,  for  in  ililferetit  a.^e~  and 
lands  many  thini;--  ha\e  been  n^ed  a- 
nione>  be-idt  -  the  e>iin~  ami  hills  wliieh 
ue  think  f{  only  when  we  think  at  all 
what  monei  i^.  Ansthin'^  that  |)a--es 
freely  from  haml  to  hand  in  a  eom- 
innnit\-  in  the  iia\ment  of  debts  and  fi>r 
j^oods  inireliased,  accepted  freely  by  the 
jierson  who  offers  it  without  an\-  refer 
ence  to  the  peiM.il  wh"  -ifer^  it,  ad 
which  can  be  in  turn  ii.-eil  by  the  pet-on 
acceptiiiLT  it  to  L,'ive  to  some  one  else  in 
payment  of  debt  or  for  the  i/iircha-.e 
of  goods,  is  money.  This  is  rather  a 
iontj  sorence  and  perhap-  dit'ticalt  to 
tinderst  nid.  and  -o  we  will  trv  to  .ma 
lyze  what  thi^  mean-.  If  -ome  one  of- 
fered you  a  pretl\-  -t.ine  a>  nione\  in 
payment  of  ,a  debt,  it  would  be  a-  ■j;ooil 
as  anv  kind  of  money  if  you  in  turn 
i-ollld  ]i;i--  it  on  to  my  other  person 
to  whom  yon  owed  a  debt  or  in  payment 
"f  -ometliin'^'  you  bou.ght.  The  stone 
nn.yht  appear  to  you  to  1k'  valuable  but 
If  would  not  be  ijood  mone\-  nnles-  voi: 
I'onld  count  011  ever\  oiu-  iKe  in  tin 
commtmity  accepting:  it  at  tlie  -ame 
value.  If  everyb'.cK  accept-  il  at  tin- 
same  vahie.  it  i-  ;i-  l;iioi1  ;i-  anv  kind  of 
money,  .^o  tli.it  ;m\lliiiiL;-  which  i-  ac 
ceptable  to  the  |ieople  in  an\  communilv 
as  a  unit  of  v.ihle  to  p,i\  debt-,  i-  L;ood 
money,  provided  evervbid-,  think-  so 
and  accepts  it  that  w.i-  'n  ihi-  c,i<c. 
then  any  kind  of  -nb-tance  miuht  be 
coiViP  money  proviiled  it  was  used  and 
acce|ited  bv  evi  r\  :•]■- 

Why  Do  We  Need  Money? 

We  neeil  nionr\  Imv  liir  -;dce  of  the 
1  on\<'nience  which  it  pr"\ide-  in  m.ak- 
int:  'I'l'  exchange  of  one  kmd  of  wealth 
for  another  and  as  a  standard  of  value 


When  a  commnnit\  ha-  ail  -pted  -onie- 
thitij,'  or  anythini.;  which  is  regarded  by 
all  of  the  people  as  a  -tand.ird  of  value, 
all   '.f  tlir  ililticidtie-   of   trading  <li-a;)- 

Vcir 

Who  Originated  Money? 

!  !;r  iMidif-t  trilie-  ■  t"  ^a\a^e-  did  not 
need  miiUi'v  becati.-e  no  individual  in 
the  tribe  owneil  anything  per-on.ilh , 
\I1  the  jiroperty  of  the  tribe  belonged 
to  the  tribe  as  a  wh'ile  and  not  to  an\ 
iiarticn'ar  |)er-on.  I.atrr  on,  ulieti  dil- 
lereiu  groups  of  >;iva"e-  lame  into  cm, 
tact  with  each  other,  there  aro-e  ilie 
cK-t'im  of  bartering  or  exchanging 
thitig-  which  one  tribe  po--e--ed  .and 
which  the  other  tribe  warned.  In  that 
way  arose  the  busine--  ot"  tridmi;  or  of 
\  h.it  we  call  doinir  business,  and  scjon 
the  need  <if  -oniething  by  which  to 
meastire  the  values  of  ditTereiit  thinu- 
arose.  Some  of  the  old  Australian  tribe- 
had  ;i  tough  green  stone  which  w.i- 
valu.ible  for  making  hatchet-.  Mem 
Ihi-  o|  .another  tribe  would  sec  sonu'  of 
till-  -tone  and  notice  what  good  hatchet- 
could  be  nuide  from  it — better  hatclni- 
ih.m  ihe\  h.ad  been  .able  to  ni.ake.  N'at- 
i:r,all\  they  wauled  it  -1,  much  that  it 
became  ver\-  valu.able  ri  th.'ir  e\es  .and 
-o  they  came  w.anting  to  huv  green 
-tones.  Hut  they  had  nothing  likt'  what 
we  coidd  call  money  today.  Thev  had. 
however,  a  good  (k;il  i.i  re.l  ochre  in 
their  hand-  which  tlu'v  !;-ed  ti'  iiaiiit 
I'lvir  bodii;-,  The\  L;ot  tlii-  red  oclna 
out  of  the  ground  on  their  i>wii  land- 
just  as  the  other  tribe  i^ot  tureen  stone- 
"tit  of  its  groimd.  :md  tli>i-e  who  owned 
I  lie  t;reen  stone-  which  were  good  for 
m.iking  hatvlu't-.  wanted  .-  .ne  red 
ochre  \ery  much,  .ii'd  -o  tlu'\-  traded 
i;reen  -tone-  for  red  oclire.  The  gn  i  n 
-tones  then  t.uk  .in  .1  value  in  them 
-el\es  for  m.aking  e\i'h,anL;e-  for  vari 
oil-  commodilie-.  and  before  long  be- 
came ,a  kiml  of  mom  \  in-ide  .and  out- 
side tl'.e  coinmiinit\  >o  th.it  when 
they  w.inled  to  oht.iin  .in\  thing,  the 
price  wa--  put  bv  the  merchant  as  -o 
many  green  >-l  ines  .mil  he  accepted 
tbe-e  ii;  I'.avtiH'ni  for  i;..ods  given  in  ex- 
change.    Ue  was  willing  to  do  tliis  be- 
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iMll-i-    lie     Ivllru     l.f    lUUnI    I1-'      iillill    ill 

ni.ikiiii;  trader  for  aliiiosl  anylhiiiu;  lir 
iiiiuiht  want,  proviileil  Ik-  liail  cii"U;;li 
of  tlic  .1,'rivii  sti'iU'-i.  So  you  sci-  tlii-si- 
griiii  stniK's  of  til','  .\n>traliati  trihi' 
bicaiiU'  a  rmliimMiiary  kiml  of  inoiR-y, 
iu^t  biwrn-i'  a  ik'-iri'  had  ariM-i  to  ])i)S- 
sc^'i  tlu'iii :  atiil  till'  red  ocliri'  was  aitttal 
iitoiiiy  in  till-  same  sense,  for  when  thi^ 
trilie  found  tli.'it  other  trilies  would 
vahie  this  red  ochre,  they  1)et;ati  irettini; 
tile  thiuLis  they  wanted  ;ind  payinj;  for 
them  in  red  oehre.  I'-nt  the  "unit  ot 
v.illie"  h.id  to  he  developed  to  make  a 
eurrencN  that  was  elastic.  It  recniircl 
somethini;  that  iduld  lie  carried  ,d)out 
ea-il> — in  fact  it  had  h>  he  something: 
small  enonijh  ~o  a  nnniher  of  uuit^ 
of  value  could  he  carried  ahont  without 
too  iinich  tronhlc  Tlic  inilian-  of 
British  ("ohunhia  s,,lved  this  <litticuhy 
of  makiuj;  an  elast'c  currency  by  ado|it- 
ini;  as  ;i  unit  of  value  ;i  lKii(|na  shell 
which  thev  wore  in  >trin.i;s  as  orna- 
mental borders  of  their  ilre-»e^ — and 
one  strinij  of  these  shells  w.as  worth 
one  heaver'^  skin.  The^e  shelK  then 
were  real  money  and  one  nf  the  earliest 
forms  of  it. 

The  skins  of  animaK  were  loui;  u-eil 
h\  savaue  trihe-  as  mouev.  The  skins 
were  valu.ihle  in  tradiui;  and  a  titan's 
fortune  wa»  reckoned  hy  the  iiumher  "f 
skins  he  owned.  .\s  s, .on  as  the  ani- 
mals became  domesticateil.  however, 
the  whole  .animal  replaced  the  skin  a< 
the  unit  of  value.  This  ch.inu:e  lui 
douhteilh  came  becau>-e  a  whole  .m'm.d 
is  more  valuable  than  only  its  skin.  The 
first  skins  obt.iinaMe  however  were 
worn  by  wihl  animal— the  kind  that  the 
peojile  could  not  deliver  to  sunieolic  else 
alive  and  whole,  i'.nt  when  the  anim.ils 
In  ante  domesticated,  which  meant  that 
man  tametl  fheni  and  kejit  them  where 
he  could  control  them  at  will,  the  .--'vin 
and  the  wild  animal  ceased  to  be  a  unit 
of  value  becau-e  it  was  an  nncertaiti 
kiml  of  motley,  .\nioni,'  domestic  .ani 
tn.ils,  oxen  and  shee|i  were  the  earliest 
form-  of  monev  an  o\  wa-  con-idered 
worth  ten  slice]),  'ibis  idea  of  usint; 
cattle  as  money  was  us<'d  by  many 
trilii--  in  ii..inv  l.mdv     Wr  ("nid  traces  of 


;t  III  llie  law  -  ■>{  Iceland.  1  he  1  ..ii;n 
word  pccmi.i  i  pedis  I  slluw^  that  the 
earliest  Unman  money  was  composed  ii 
cattle.  1  he  l-.nirlish  word  fee  indicate-, 
this  aKo  The  Irish  law  record-,  show 
the  >anK'  exiilence  of  the  use  of  cattle 
a~  money  and  within  recent  years  the 
catlle  still  form  the  basis  of  the  cur- 
rency of  the  Zulus  and  Katlirs. 

When  slaver,  became  proMniu;il 
manv  l;inds  .-idopied  the  ~l.i\a>  .i>  tin 
unit  of  value.  .\  iii.-m's  we.illli  u.i^ 
reckoni-d  bv  the  lumilier  of  slaves  lie 
owned. 

Then,  when  the  ]iractice  "I  ,i'.,'ru-iil- 
tiirc  became  more  common.  ])eople  n>ed 
the  products  I  if  the  soil  as  money — 
maize,  olive  oil.  cocotmuts.  te.i  .and 
corn — the  hitter  is  said  to  pass  current 
as  .-ictual  money  in  certain  part^  of  Xor- 
wa\  now.  Thev  used  t'lese  products  nf 
the  -oil  I'ur  iiiouev  even  in  our  own 
conntr\-.  (  )nr  ;incestors  in  Maryland 
.ml  \  ir^inia  before  the  Uevolution.irv 
War.  .iiiil  even  .after.  u>ed  tobacco  as 
mnnev.  Thev  passed  law<  makinir  t  ' 
bacco  money  and  jiriid  the  sal.iries  of 
the  government  otTici.ils  and  collected 
all  taxes  in  tobacco. 

I  Hher  early  forms  of  money  were  or 
nanients  .-.nd  these  serve  the  purp'sr  of 
monev  aniotiLT  all  uncivilized  tribe..  In 
India  they  used  cowrie  shells— a  small 
wllowi-h-white  shell  with  a  fine  l;1oss. 
The  l-'iji  I-.landers  used  whales'  teeth: 
some  of  the  South  Sea  i-l.iiul  tribes 
ii^id  red  feathers;  other  nations  used 
niiner.al  (iroducts  a-;  monev — ucli  as 
salt  in    \bvssiui;.  and  Mexico. 

l'|)  to  this  point  we  h.ive  talked  about 
the  thini^s  n^ed  ;i>.  in.iiiey  from  the 
standpoint  of  jiriinitive  f. ■rnis  of  monev 
Todav  tlie  metals  have  practically 
rlii\en  all  these  other  crude  focin-  of 
nioiie\    out. 


Metallic  Forms  of  Money. 


,.s    f-r 


I  lu  u-i  "1  iiiel.iK  a-,  iiionev  uoes  tar 
back  in  the  llistnry  of  civiliziition  but  it 
h,is  never  been  p  i---ible  to  trace  the  his 
Inriial  ordi  r  ■>(  llie  .adoption  (.f  the 
various  met.iK  for  the  purposes.  Iron 
.iccordinir  to  the  statenu-nt  of  Aristotle 


WHY    CiOLD   AiND   SILVI  R  ARE    BUST    I  OR    COIMNQ  1,7 


was  at  utiu  tiiiii-  ^AtL'ii-ivcIy  ii^d  as 
Mioiicy.  L'oiiiHT,  ill  CDiijtincticjti  willi 
ill '11,  was  iiMi.1  ill  vNfly  tiiii.'s  as  moiicv 
1:1  l,-1iiiia;  and  until  c^  miiarativclv  a 
short  tiiiK-  ai,'o  was  ii-c.l  tnr  tlu-  i-oins 
I'f  sniailcr  value  in  Japan.  Iidii  spike-s 
wvrv  n^cd  in  Central  Airii-a  ami  naiU 
in  ScDtlatid  :  Uaij  ninncy  is  now  n^.l  in 
iiiiniiali.  t((|ipc'r  has  lonj,'  In, 11  n-ol 
as  money.  Tlir  early  roiiis  ^.i  lai-jaml 
were  maiK-  .it  lin.  I  mallv,  li.iwever, 
eanic  silver  ami  silver  wa-.  the  priii 
eipal  form  of  nmney  up  to  a  few  \i  at> 
ai,'o.  It  was  tile  hasis  <,f  (.reel-,  r  in- 
niiroc  ;'.eri  at  Koine  in  Ji.'i  11.  ( '.  M.,-i 
iIk  liiiiiie-.  of  .Meilieval  time-  wa- 
eonipnsed  (if  -il\rr. 

i  he  earliest  Iraee-  of  ^nl,]  n.^.l  as 
m'iiiey  is  seen  in  ]iirtnre-  uf  .ancient 
i'..L;yptians  "weiL.diiii;,'-  in  -eaie-  lie.ips  wi 
pold  and  .-ilver  riiiLTs." 

Why   Do   Wo   Usp  Gold   atid  Silver  an 

Money  Principally  I 

Mirre  arc  .1  u 1  niany  re.a-nn-  whv 

Kold  and  -ilver  have  heeonie  ahiiost  uni- 
versal matirial-  for  use  as  nioiiev.  Per- 
haps this  will  be  better  understood  if 
these  reasons  are  sot  down  in  order. 

1st.  It  is  necessary  Miat  the  ni.ateria! 
out  of  which  money  i-  made  should  he 
valnahle,  iiut  nntl.in-  was  i\\r  u-c  d  a- 
inoney  that  had  not  lir-i  become  de-ir- 
abie  and.  therefore,  valuable  a-  nionev 
This  is  only  one  of  the  incidental  rea- 
sons for  takiny:  j^'old  an.l  silver  for  coin- 
ini.;  money. 

Jnd.  To  ser\e  its  purjiosp  best 
money  should  bo  easy  to  c.irrv  nmnnd  - 
in  other  words,  its  value  should  be  bi-h 
in  proportion  to  its  weiL;ht. 

lite  absi'iiee  of  this  (|ualitv  m.iflc  the 
e.-irl\-  fii!-m-  ,,\  monev  s'lcli  as  -kins. 
c'Tii.  Iiili.iiau.  clc,  undesii.ible.  It  was 
dilticn!t  tii  c.irrv  very  mnc!i  nMtK>v;i!)(,ul. 
Imagine  the  -kin  of  .-i  -hcep  wurth  a 
dollar,  ;ay,  .anc!  h.iviiiL;  to  c,irr\  ii  n  of 
th.i'i  down  to  [i.ic  tile  i^rocrr.  To  a 
certain  extmt  thi-  .l:i;",cult\'  occnrrcM 
with  iron  ;ind  copper  money  ,-\nd  ]r. 
times  when  they  used  live  cattle  il  v  .,  a 
I>rettv  expensive  ii  b  to  pav  vnnr  .(ebts 
bennse,    while    the   cattle    cmuM    niove. 


K  w.is  -lid  e.\pen-:\r  lu  .liiw  liieni  from 
place  ni  pl.ice.  A  iii.ni  ;\ii  ,  .ai:ce].tii|  ,1 
thou-aml  cililr  m  p.iMiam  li.nl  td  '^n  z< < 
s'liiie  e.\pen-e  in  -el'.m,;  ilum  huine 
I  lien  il  w.is  iv\prn-i\e  to  li.i\c  money 
when  live  catKe  were  11-ed  I>i.-,in-e  l!ie 
callle.  of  CMur-e.  ii.ad  1  •  be  led  ,nid  fro'., 
lliat  point  of  view  ihe  jio, -r  m,an  who 
had  no  monev  w.is  In  iter  off  th.m  the 
rich  m.in  wli  .  had  money.  W  hen  cattle 
were  u-ed  ,i-  iiKjiiey  it  co-t  a  1  it  to  ket  p 
It.  <  Inr  kind  uf  iiMiiev  d  le-n't  e.it  ,iiiv 
ihiiii;^  in  lacl.  Il  \ou  put  it  in  .1  -,ivin.-s 
bank,  it  will  imiu  interest  monev  fur 
'""■  I'm  whm  cattle  were'  ii-id  ,1- 
mimey  it  cost  ;i  -ri-.at  de.il  to  keep  tluiii 
and  -.1  it  w.as  wor-e  tliaii  11  .1  e.arnin;,' 
.any  intere-i. 

.^rd.  ,\ii.iiher  .iii.alily  tli.at  monev 
should  p(i--r--  i-  divi-ibililv  wi'iiun'; 
<lamat;e  and  .also  the  <|ii,ality  of  beiii- 
united  a-.aiii.  This  <|n,alitv  i-  po--f--cd 
bv  tile  niet.il-  in  ,  ver\  -eii-e  because 
tliey  cm  lie  lii-ed.  wlii'e  skin-  and 
precioii-  -tune-  -atVer  in  v.alne  i^re.itlv 
when  they  .are  divi  led. 

-tin.  The  m.ateri.d  out  .-f  which 
money  is  iikhK'  -!i,ni!d  be  the  -.mie 
tlirou-lmnt  in  i|!i.ilit.  and  wei-ht  -1. 
that  one  imii  of  mnnev  -hmild  lie  worth 
as  much  ,as  any  other  iinii.  Tiiis  cnld 
never  be  tine  of  skins  or  c.iiile  ,1-  the 
ditlerenc'  in  the  size  of  skin-  i-  verv 
irre.it  -iinietimos.  and  a  sin.al!  skin  from 
liie  -aiiie  .inim.al  could  m.t  be  wairih  as 
much  .1-  ,1  I.ir-o  one.  or  a  skin  uf  an 
amm.al  of  im\rior  i|ii.a!itv  -o  v.aln.ible 
a-  .1  verv    tine  une. 

-th,  Nnoilur  i|ii.ilite  which  monev 
slii.iiM  p,,-,^-..  i,  dnr.ibilitv.  This  re- 
'luirement  ni.iile  it  llece--.lr^  t,.  n-e 
-oniethiiiu;  I'-i'  be-ides  am'm.i!-  ur  ve-e- 
lable  substances,  \niiiial-  die  ;md 
vcLretable-  wdl  1,1  it  keep  .and  -n  !,,-c 
tlieir  value,  lAcii  imn  i-  ;,[,t  t,,  ,•„,[ 
■I'l'l  thriin-li  tli;it  pn„-i'-s  lo-e  ni.ire  1  ir 
'e^-  I'f  it-  v.dne, 

'''th  Tlie  m.iteri.il-  nut  of  which 
iiioiiev  1-  ni.ide  -hiiiiid  be  ei-v  to  ,b's- 
tins,'iii-h  .and  their  v.ilne  e,i-v  to  .jeler- 
miiie.  Fur  this  rea-on  -nch  tliin-s  as 
preciou-  stones  .-ire  not  y^ood  1,1  use  as 
m-nev    because    it    takes   an   expert   to 
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determine  their  value  aiul  even  they  are 
not  aUva\s  certain  tn  be  correct. 

7tli.    Ihen   a   very   important   fjnahty 
that  tile  material  out  ut   uliicli  m.mey 
is    made    i>    that    its    value    -lumld  be 
v'.eadv.    The  vahie  oi"  cattle  varies  very 
^;ieaily  and,  in   iacl.  must  ot  the  nia 
terials  out  of  wliicii  the  first  currencies 
were     made     were     subject     to     <|uick 
ihaniie  m  value  in  a  short  time.      The 
\,il,ie  of  ,t;iild  and  .silver  does  not  chan;;e 
(  xceptinj,'  at  Ion,::  intervals.     <'i'ild  and 
silver  are  both  durable  and  easily  reco:: 
nizable.     They  can  be  melteil,  (lividel 
and  united.      The  same  is  true  of  otner 
met..llic  substances,  but  iron  as  staled 
is  subject  to  rust  and  its  value  is  low  . 
lead  is  too  soft.      Tin   will  '  reak,  and 
both  of  them  and  copjier  also  .ire  of 
low    value.      Hold    and    silver    chan:^e 
only  slowly  in  value  when  the  ch.iu^e 
at  all:  thev   do  not   lixe   any  of   their 
value  by  aurc,  rust  or  other  cause:  tncy 
are  hard  metals  and  do  not.  therefore. 
V,  e:ir.    Their  value  in  jirojiortion  to  the 
bulk  of  the  pieces  used  for  m  mey  is  so 
larjre  that  the  money  made  from  them 
can  be  ctrriei!  without  discomfort  and 
it  is  almost  im|>ossili1e  to  imitate  thein. 

Who  Made  the  First  Cent' 

\erniont    w:i<   the   lifst    state  to  issue 
copper     cents.       In     June,     \TX^.     -!ie 
granted   the  .authority  to   Ruben   Har- 
mon, Jr.,  to  make  money  for  the  state 
for  tw'o  vears.     In  October  of  the  same 
\rar.  Connccticnt  i,'ranted  the  riprht  to 
coin    10,<HK)    jionnds    in    copper    cents, 
known  as  the  t'ounecticnt  cent  of  17Ss 
Massachusetts,  in    1786,  established   a 
mint  and  coined  $fi().<HX)  in  cents  and 
half   cents.      In   the    same    year    Xew 
Jersey  granted  the  ritrht  to  coin  Sl(i.<JO() 
.it  1.=^  coppers  to  the  shillini;.     In  17.'^1 
the  Continental  l"oni;ress  directed  Rob- 
ert Morris  to  investis^ate  the  nial'er  of 
governmental  coina'.:e.    He  j.roposed  a 
st.mdanl  based  on  the  Sp.inish  dollar, 
consistimr  of  100  units,  each  unit  to  be 
called  a  cent.     His  plan   was  rejected. 
In  17!^.  IcfTerson  proposed  to  Tonuress. 
that    the    smallest    coin    shoulil    be    of 
copper,  and  that   2W  of  the-   ^hool.l 


l>ass  for  one  d(  11  :r.  1  he  plan  sv.is 
adopted,  but  in  '78(3,  UK)  was  substi- 
tuted. In  179?  the  coinage  of  copper 
cents.  cont2'!.ins  -'>^  grains,  an<l  hall 
cents  in  proportion,  was  .intliorized ; 
tlieir  weii,'lit  was  subse(iuently  reduced 
In  IS.s.?  the  nickel  cent  w:is  substituted 
anil  the  half  cent  discontinned,  and  m 
l,'-!f>4  the  br.mze  cent  was  introduced, 
wei.i,'hint:  4.S  i,'raius  ami  consistiut;  of  ''.^ 
per  cent,  of  coi>per,  and  the  rem.ainder 
of  tin  a:id  zinc. 

How   Did   the    Namr   Uncle   Sam   Ou'^- 
inate  ? 

I  he  II. line  Incle  S.im  is  a  jocul.ir 
n.iiiir  loiii,'  in  use  for  the  <  ioveninieii' 
of  the   Lnited  Ir^tates. 

Shortlv  after  the  war  of  ISIJ  was  de 
dared,  ITbert  .\nilerson  of  N'ew  York 
State,   who   was   a   contractor    for   the 
army,  went  to  Troy,  New  York,  to  pur- 
chase .1  (inantity  .)f  provisions.     .\t  that 
place  the  provisions  were  insi>ecte(l.  the 
orticial    iusi>ectors    bein,!,'    .wo    brothers 
named  \\  ilson— I'.benezer  aU'l  Samuel 
The  latter  was  very  i)0])ular  anionp  the 
men   and   was   known   as   "Cncle   Sam 
Wilson"  and  everybody  called  him  that. 
The  boxes  in  which  the  provisions  were 
packed  were  sta'tiped  with  four  letters. 
F    .\.  f -r  I':ibert  .Vnderson,  and  l'.  S 
for   Tnited    St.ites.     One  of   the   men 
entrained  in  makint:  the  inspection  asked 
another  of  the  workmen  who  h:ippened 
to  be  a  jocular  fellow,  what  the  letters 
F.  .\.  V.  S.  on  the  boxes  stood  f.  .r.     He 
said  in  reply  that  he  did  not  know  b;;' 
thou^dit    thev    probably    meant    F.lbert 
\iiderson  and  I'licle  Sam  Wilson,  an<l 
that    thev    li.id    Kit    off   tlv;    W    which 
would  stand  for  Wilson.     The  suL:t:cs- 
tion    cauuht    on    (|uickly    and    as    su.'h 
thinu's  often  d...  the  joke  spread  rapidlv 
so  that  everybody  soon  tliou'.;ht  of  tin- 
name  "rncle  Sam"  whenever  they  saw 
the  letters  1'.  S.  on  an\tliiii}^  or  in  any 
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IIAKM  -IIM.    Ulll   .\1. 


The  Story  in  a  Loaf  of  Hruad 


Why   IS  Eri'.id   so   Imiuntant '. 

I'lii;  hi^;ti)ry  of  liro;i<l  as  a  food  reads 
liki'  a  roinani'.'.  ll  has  playol  an  im- 
portanl  I'ari  in  tlii'  ili'stink'S  of  man- 
kind an<l  its  stn.ii;;^U-s  lhr(ju>;h  ihr 
ap'S  lo  iiiTfoclion.  Tho  pro^Tcss  of 
nations  lhrou^;h  tluir  dilTcrinl  iK-rinds 
of  (K'vilopminl  lan  hv  trai'i'd  \>y  tlio 
qualitv  an<l  (luunlity  i>f  liri-ad  ihcy  have 

US('(1. 

No  othiT  f(K)d  has  taken  smh  an  im- 
portant iiarl  in  the  nvihzation  of  man. 

To  a  hir},'c  extent  il  has  heen  t'le 
means  of  ehan^inK  his  hal>its  froni  those 
of  a  sava^'e  to  those  of  a  ei\iHze<l 
bein^-  It  has  sujiphed  the  iieaeeful 
imrsuits  of  aKrieuUnre  and  tnnuil  him 
from  war  anil  the  chase. 

It  is  an  interesiinK  favt  that  the 
rivihzed  and  the  semi-civihzed  people 
of  the  earth  ean  Vie  divided  into  two 
classes.  h;ised  u]Hm  their  prineipal 
cereal  frxxls;  the  rice  eaters  and  the 
hn'ad  eaters. 

i'Airy  one  a<linits  that  rice  caters 
:iri    less  iirnt;ressi\c'.  while  Iiread  eaters 


have  always  heen  the  ieaiiers  of  ci^      - 

zation. 

It  is  an  interi'^^tin^  fad  that  just  as 

japan    is  ehaii^'ini;   from  a   rii'i'-eatin^; 

nation  to  a  lireail-ealin>^  nation  she  is 

asserting  her  power. 

Anv  one   who   stops  to  consider  the 

historv   of   nations   will    sir    that    this 

matter  of  what  we  eat  is  the  one  cines- 

tion  of  vital  importance. 

Hread  is  one  of  the  earliest,  the  most 
>;enerallv  vsed  and  one  of  the  most 
important  I'ikmIs  u^-d  hy  man.  With- 
out bread  the  world  would  not  exist 
without  K'l'i'ii'-  hardshi|>.  On  bread 
alon(>  a  nation  oi  pi'ople  can  exist,  and 
to  sit  down  lo  a  meal  without  it  causes 
us  to  feel  at  once  that  .soniethiiij;  is 
missing. 


What  Was  the  Ongni  and  Meaning  of 

Bread  ? 

Hreail  i>  1  ^aked  frotn  many  substanei 
although  when  we  think  of  bread,   w 
usuallv     think     of     wheat     brea.l        li 


THI;    1)11  F  JRE.NCE    IN  CiRAHAM   AND   WHOM.  WHE  AT   liRI  AD    Itll 


is  sometimes  maile  from  ruut^,  fniits 
and  the  hark  of  trees,  hut  K<-''i'-'rally 
only  from  grains  such  as  wheat,  rye. 
<-oni,  etc.  The  word  hread  eomes  from 
an  old  Word  hrnj/,  ineaniti;^  to  poiinil. 
This  eame  from  the  inctliod  umiI  m 
preparing;  the  food.  I'cpod  wim  h  u■a■^ 
pounded  was  said  to  he  l)ra\ed  ami 
later  this  .spelling  was  changed  to  lucad. 
Propirly  siR'akin^.  however,  tluM' 
braved  or  (.irouiul  materials  an-  not 
ri-ally  hread  in  our  .sense  of  usmj^  the 
tenii  until  they  are  moistened  with 
water,  when  it  I)eeonies  dou^li.  The 
word  iliiiifili  is  an  old  one  meaninj.;  to 
"moisten."  Tliis  dou>;h  \\a-<  in  cililen 
titnes  immediately  h.-iked  in  hut  .ishes 
and  a  hard  indiKeslihk-  hnnp  ni  iinad 
was  the  result.  Aceideiually  it  was 
discovered  that  if  the  dou^h  was  left 
for  a  time  before  hakinj^',  allowinv;  it  to 
fennenl,  it  woul<l  when  niixeii  with 
more  doti^h,  swell  up  and  liei'dine 
I)orous.  Thus  we  j,'ot  dur  wi.ril  luat 
from  an  old  word  litian.  whieh  TUeant 
to  raise  up  or  to  lift  up. 

Wher   Was  Wheat  First  Used  in  Mak- 
ing;  Bread  ' 

It  IS  not  ilearly  known  when  or  hv 
whom  wheat  was  discovered,  hut  it 
.■-ccms  to  iiave  been  known  from  the 
earliest  times.  It  is  mentioned  in 
the  Bible,  can  be  traced  to  ancient 
IC^'ypt  and  there  are  records  showing 
that  the  Chinese  cultivated  wheat  as 
c.irly  as  ^700  B.C.  To-dr-  it  supplies 
the  principal  article  for  n  .ving  l>re,id 
to  all  the  ci\ilized  nations  of  the  worlil. 

The  origin  of  the  wheat  plant  is 
said  til  h;n-e  been  ;i  kind  of  grass  which 
is  given  a  Latin  name  .E<jibips  matii 
bv  the  boianisls. 


Will   Wheat   Grow  Wild? 

This  is  a  iiuestion  that  has  puzzUnl 
the  world's  scientists  for  more  than 
two  thousand  years.  From  time  to 
time  it  has  been  rept)rted  by  in\-estiga- 
tnrs  in  various  ])arts  of  the  world  that 
here  and  there  wi.eat  has  been  f<amd 
growing  wild  and  doing  well,  but  ever/ 
tnne  a  further  investigation   is  made. 


it  develops  that  the  wheat  has  been 
cultivatecl  by  some  one.  There  is  ,is 
yet  n()  i'vi<ience  for  believing  that 
wheat  will  grow  in  a  wiM  state. 

What    IS   the    DifTerenre   hetwecr    Gra- 
ham  Flour   and    Whole    Wheat? 

Cir.iham  lloiir  from  which  Cirah.am 
brcid  is  baked  is  n..ide  from  unbolted 
ll'iur.  The  priK'css  nf  bolting  (lour, 
which  ii  (k'scribi'd  in  01  .•  of  Uie  fol- 
lowing pages.  I'onsists  briefly  in  taking 
inn  (if  it  .ill  but  the  inside  of  the  grain 
nf  wheat  When  this  has  been  ilone, 
w  ■  lia\'t'  \>\\vv  white  flour. 

In  making  Craham  flour  every  part 
of  the  gniin  of  wheal  is  left  in  the  flour, 
.and  ground  up  (inely.  .Many  peoi>le 
think  that  Ciraham  flour  is  made  from 
a  spt'cial  grain  called  ("irah;iin.  init  this 
is  not  nie.  It  is  said  that  Graham 
bread  is  not  so  gfXMl  for  you  beeau.se  it 
contaitis  the  outside  covering  of  the 
wheat  gniin  or  bran  whicli  iseomposed  of 
almost  pure  silica,  the  same  subst.ince 
of  which  glass  is  ma'le.  and  cannot 
tlleri'fore  be  y^i  « ii  1    for  us. 

Wliojr  wheat  llour  is  made  from  the 
whole  gr.iin  of  wheat  from  which,  the 
ou!  ^ide  co\-ering  or  bran  has  been 
separ.ttcl.  It  contains  e\-erything  but 
the  bran  and  is  tlierefore  the  mo.st 
nutritious  flour  made. 

The  gr.-iin  of  wiuMt  lias  sevenal 
coverings  of  bran  coats,  the  outer  one 
of  whi(  h  i^  the  one  composed  of  silica, 
and  which  is  not  v.aluable  as  food. 
I'ndenuath  this  husk  are  f.)und  the 
inner  bnm  coats,  whii'h  contain  the 
gluti^n,  Cilutcn  is  a  d,irk  substance 
containing  the  llesh-funning  or  nitrog- 
enous elements,  which  are  v.ahiable 
in  muscle  building.  The  inside  or 
heart  of  the  grain  of  wheat  consists 
of  cells  filled  with  starcli,  a  fine  white 
mealy  powder  which  has  little  value  as 
focKl,  but  is  a  great  he.it  prodm-cr. 
Sometimes  in  making  whole  wlie.it 
flour,  the  hi  .art  of  the  grain  is  ilso 
removed,  making  a  pure  gluten  flour 
The  name  whok-  wheat  for  flour  is  not 
accurate,  therefore,  for  Graham  flour 
is  made  of  the  v.-hole  wheat  grain,  while 
"  wnole  wheat  "  flotir  is  made  of  only 
cen,iin    i)ar«s   of   the    eraia    A   wiieit. 


^ii 


lt)2 


HOW    FLOUR    IS  MADE 


Whc.it  conditioners  for  tempering  tiio  wni 


mills. 


'ire  iK-.i;g    yr..ini!by    ihc   curiU|;.ilr.l    rf.ller 


Hosv  is  Flour  Made? 

In  uTCMt  factories  the  raw  inatcrial 
i.s  Ircciiu'iuly  taken  in  at  one  end  ar..l 
conies  out  of  the  opposite  end  as  a 
finished  Icxoinotive.  a  Pullman  palace 
car,  or  a  1  ir  of  shoes.  There  is  no 
such  progression  in  making  flour.  The 
wheat  comes  in  at  one  place  as  a  plain 


Spring  or  Wint.T  wheat  .-md  at  -.av  thcr 
^'oos  out  as  llour,  hut  in  the  proc-  ss  [larts 
of  it  ma,-  Ro  from  toj)  to  bottom  of  the 
lii.i;  mill  ^o  times.  Instead  of  a  faetorv 
where  e\-cr\-thing  moves  alonj:;  from 
hand  to  hand  or  macliine  to  machine, 
the  tlour  mill  is  like  a  human  hody — a 
hu;;e  framework  like  th.e  hones,  witli 
thousands  of  earn  in;:  devices,  "  cleva- 


SLI'ARATINQ    THi:   WHEAT   FIBER   AND   OERWS  lOi 
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Purifier  (or  separating  the  fil)cT,  Kunii,  aiKi  oliit-r  i-npuritics  from  the  scmt.Iina  (urits)  Liffot.'  it 
is  finally  crushed  or  ground  into  flour  by  smooth  roller  mills. 


tors,"  "  spouts  "  aiifl  "  rorAcyors.  ' 
like  till'  veins  and  artiTJi's  of  the  lilnod- 
cari ym^,'  system.  Stop  ;ip  a  win  'if 
wlieal.  the  mill  hecomes  .'lo^'vied.  and 
I'lnally  must  shut  down  if  it  cannot  he 
ninhanically  relit'ved.  It  i-^  an  intricate 
.iiid  ititinHJy  intereslinj;  jiroeess.  the 
!i    uh  ni  \ear-to-yeai"  e.xperieuce. 

Scoining      that      Suggests      a      Dutch 
Kitchen. 

I'roni  thi-  sliira^^'f  l.ins  the  wheat  is 
drawn  oil  llfou^li  eon\i\urs  to  the 
first  of  se\eral  eleauini,'  processes,  the 
"  se|)arators."  wlicre  the  coarse  >^ain 
wliieh  naturally  i-onies  witli  the  wheat, 
such  as  corn  and  oats,  and  imperfett 
kernels  of  wheat,  is  t.iken  out.  After 
this  }.;eneral  cleaniui.;  tin-  j.;rain  kocj 
t'l  tin-  "  scuurin^;  maehint',"  which 
:>  ,111  intere^tini;  device-  a  nipidly 
r'\  >  iKuii;  c^liii.lcr  with  what  are  c;.lled 
"licitcr.-"     attached.     The     ^Tain     is 


throuTi  njjainst  perforated  iron  .screens 
An\-  clinj^in.i;  .iirt  is  loo.sened,  and  a 
siroiii,'  current  of  air  passing  throu).;h  the 
cylinder  is  cunstanlly  "  calling  fonlu^t," 
as  the  miller  apll\-  expresses  it.  and 
carries  the  impurities  awav  as  dust  and 
iiirt.  Indeed,  the  I'leamni;  process 
Seems  to  he  a  r,  .nst.int  imc  from  the  time 
the  wheat  enters  tlie  mill  until  the  Hour 
i--  made  il,i\in^'  l.een  cleansed,  the 
whe.it  is  now  re.id\-  for  the  rolls  except 
for  a  "tempering,'"  p;oi.e.>s.  which  is 
to  prejiare  the  ),'rain.  so  that  the  out- 
side of  the  wheat  may  lie  taken  olT 
without  injurv  to  the  inside  or  kernel. 

Then  as  tlie  t;raia  passes  to  the  rolls 
there  l)ej,'ins  a  ^'nidual  reduction  of 
wheal  to  tlour  which  is  tnost  intricate. 

The  lirst  sets  of  rolls  are  corrai^'atiil 
and  so  adiustt'd  .as  to  "  lireak  "  each 
Strain  of  wheat  into  12  to  15  parts. 
The  "breaking;"  process  ^ocs  on  throu^;h 
five  ditlcrcnt  sets  of  rolls. 


Il.l 


GklNUING   THE   WHEAT    FOR    MAKING    FLOLR 


C"urruj;.iU- 1  r  Her  milU  tor  grinding  the  wheat  after  it  li.is  l.eeti  cleane. 


Wuodeii  spoutj  tor  convtyui^  tlie  different  products,  bran  and  partlv  ground  wheat,  from  one 

machine  to  another. 


THI     ri.Olk    IS   kl  ADN    lOK   UXMNCi 


4h5 


Gyrating  jiftcr  for  separating  the  bran  particles,  from  tlic  tl.ur 


i  ^.  ::i>4ina. 


The  Big  Bolters  witii  Sill<en  Sieves. 

Clost'ly  .-illiod  with  ilu'  riillinjj  pnx-css 
is  llie  Iioltin^'  priKv^s.  whiL-h.  workiiii,' 
hand  in  liand  wilh  il  has  made  iiiixloni 
fluvir  making;  so  porfeil.  The  hoUiii  • 
process  consists  of  a  series  of  sie\  c . 
—  a  siftinj,'  of  the  broken  ^rain  so  tha! 
it  is  )inall>'.  after  repealed  lireakinj,'  and 
sifting,  a  flour,  'i'he  holler  .naihinc 
Contains  a  nunihcr  of  sic\es  covered 
with  silk  hultini;  cl.itli  with  van-ini,' 
ir.esh  or  nunilicr  of  thre;ds  to  the 
S(|narc  inch.  This  Imltin^'  machine. 
moving'  raiiiilly,  makes  fnun  8  to  lo 
dilicrenl  separations  of  the  material. 
From  rolls  to  hollers,  from  hollers  to 
puriliers.  from  ])urifiers  to  rolls,  over 
and  over,  the  process  continues,  imlil 
ii\('  dilTerent  j^^'ides  of  "  middlinj^s  " 
ha\i'  liecn  selected  hy  the  inechanical 
hands  nf  the  ^llill<•I■^,  The  piiriticr 
is  still  another  sU'p  to  ihe  process.  It 
is  a  machine  havinj^  ei^'ht  sieves  of 
difl'crt'nt  mesh.  Thi'  "  middlin>.'s  " 
tiow  down  over  the  dilTerent  siev  s  in  a 


Ihin  sheet,  a  current  nf'  air  meantime 
drawiii).;  all  impuritii's  oiii.  With,  this 
purifyinK'  process  completed,  the  inate- 
rial  is  rcadv  for  the  smooth  r^lls. 


The   Mill   Tnts   to   Cutch   Up  with  the 
Bins. 

When  the  flour  is  made  il  is  conveyed 
to  lari;e  round  hins  ti\e  sheets  <if  hard 
wootl  pressed  'oKCther.  These  hins 
are  heiii;;  lille<l  all  the  time  and  hem).,' 
emptied  all  the  time,  the  mill  hein^j 
aliout  sewn  hours  hehind  the  capacity 
of  the  hins,  so  that  from  start  to  finish 
the  mrnleni  (lour  mill  is  a  tremendously 
husy  place. 

Underneath  the  hins  and  lonnectinj^ 
wilh  thnn  are  the  (lour  packcs — 
automatic  devices  which  pack  a  ,;j- 
pound  pc.per  sack  as  accurately  as  a 
rgO-pound  l)arrel.  The  filk'd  jiackaj^es 
arc  sent  ilown  "chutes"  to  the  shi]  - 
pin^;  floor.  There  they  t;o  tn  wagons 
or  throuj,'h  other  chutes  lo  boats. 
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WHIIRI     LlLAl)   PHNLILS  COMI:   I  ROM 


The    Siorx     In    a    Luad    Pcncir 


Why  Do  They  Call  Them  Lead-pencils ! 

riiL'  li'ail-in'iu'il  xi  i;iiK'r.ilI\  u^cl  to- 
day i.>  nut,  a?  its  iianif  UDiiM  iiiiiily. 
iiiaik'  Irnin  loail,  liiit  fnmi  ura]  liili'.  It 
(ltri\i'>  it~  ii.iiiii'  tf"!!!  llu-  l.'u't  that 
]iri(ir  til  till-  titik-  wlmi  )nin-iK  wiTi- 
niadr  I'roni  t;raiiliiti',  iiu'tallii'  li'ai]  \va~ 
(.■miiliiyi'il  tor  t!u'  piirim-i.  '  ira]iliitf 
\\a~  first  tt^i'l  in  pviiiil-  al'tiT  t!'-  ili-;- 
•■oviTv  in  tyi^  oi  ilio  i.inioii-  (  niulicr- 
i.'.n<I  mint-  in  l'.ii,t;lanil.  This  i;ra|pliiti' 
V  as  of  ninarkalilo  purity  and  i-onld  hi- 
n-i'il  witlmut  li'.rthir  trratnunt  hy 
i-nniii^'  it  into  thin  -lalis  ami  mca-inj; 
thv'in    in    wood. 


Who    Made    the    First    Lead-pencils    in 
America  I 

I'or  two  centuries  I'.nLjland  i-uJommI 
|iraotii-aII_s  a  niinuipoly  of  tin-  liad-|ii'ii- 
I'il  industry.  In  the  i-iyliti'i-iuh  citi- 
turv.  houivir.  tlii'  K'ad-oi-ni-il  indtistr\- 
had  found  it.'-  uay  into  (iirinan\.  In 
17^11.  (  aspar  I'a'RT,  in  ihr  \ill.i'4i'  of 
Stviti.  mar  llic  amie-ni  cit\  of  Xuntii- 
lior;,'.  r.a\aria.  ^iarlid  in  a  nio-K-^i 
way  thv  nianufa.turi-  of  Ii'ad-piiii-il-. 
an<I  \nrrinI)irL;  hiramc  and  n.-niainid 
the  <-i'iitcr  of  llic  lcad-j<t'!U'il  ii'dtlMr\- 
for   more    than   a    vtiitttrv.      I"or    l'i\r 


;,;rniralion-  I'alur'-  lt--i'i  nd.nil-  niadi' 
Kad-iiciuals.  I  ]i  to  tlii'  ])rcM-nt  d.iy 
thi'v  have  oontiniiid  to  divote  thiir  in- 
tiTi'st  auil  i'n(-Ti;y  to  tlic  dcvlojinu.'nt 
and  iKTtiction  of  |niu'il  niakini;.  Idicr- 
h.irl  I'ahiT,  a  i^'rcat-L'raniKon  of  (.'as- 
par I'alnT.  iniiiii;;niti'd  to  this  cunntry. 
and,  in  lS|i(.  f'-t.ihlirlu'd  hittisclf  in 
.\i'W  N'orU  (  ity.  In  iSoi,  when  the 
war  larilV  I'lr-t  went  into  etTect,  he 
erei^ted  hi>  own  peneil  faetor\'  in  Xew 
\  orU  City,  and  thus  iKc.iine  the  pio- 
neer of  the  le.'id-peneil  industry  in  this 
iiiuntry.  Sini-e  tlien  four  other  firms 
h;ive  est:ilili-lu'(l  peneil  f.ietories  here. 
\\"ai,'<-'s.  .i>  eoni]i,ired  to  iho--e  (laid  in 
<  iernuuiy,  were  very  hii.;li.  ,ind  I'.her- 
harl  I'aher  realizeil  tlie  neee>sity  of 
ereatins;  Iahor->.ivini;  in.aehinery  ti> 
overeoine  this  handie.ip.  .Many  ;ittto- 
matie  niaehines  were  invented  wliieh 
;,;re;ill\  ■■int|ilified  the  inetho(l-  of  pen- 
eil makin;,'  atid  im]iro\ed  the  produet. 
l"o-da\-  .\tneriean  inatiufaeturers  sup- 
ply nineleiilli-'  of  the  home  ilemand 
an  I  ha\e  larjjely  eiUered  into  the  eom- 
petilion  of  the  world's  markets. 

What  Are  Lead-pencils  Made  of? 

The     principal     raw     materials     th.at 
etitiT  into  the  making  of  a  leail-])eneil 


*(^,^rttsv    .tf    T!ir    *H,-i(liti'' 


HOW   LEAD    F>ENCILS  ARO   AlAHE 


slats 
be  in 
is  ar 
tlie  •' 
plari-i 
iii^;lit 
groov 


1.,..  3. 

itr.    I     slinws    the    slinpp    in    whidi    llu     ccdrir    vlnt.    arrive    at    tlic    factory.      These 

afliT    Mra.littK    ,irr    \»n\v<\    in     snani     !■.    rent. .v.-     what     romaiiiiny    sap    tin-re    may 

the   wiiimI.     Tlie   slats  are  then  ilrieil  in   sleani-drvins  rooms.     Then   the   next  step 

Hninv:   anil   j;ives   the   results   shoMii    !,y    l-'is.   J.      \ow   the   vvoo.l    is   readv   to   receive 

leads'    (winch   you    will    reiiu-nilier   are   a   tnixtnre  of   Kra|)liite   ami   clav)',    which   are 

1    l.etween    two   slats   san.jwich    fashion,   glued,    put    in    forms   that    hoUl   them   over 

mid.r    a    thousand    pounds    pressure.      hi^.    .i    shows    tlie    hacN    l.ii.l    in    ,,ne    of    tlie 

d    slats. 


arc  ^rapliilo,  olav,  ccilar  aiiil  nil)l)er. 
A!tlinii.t,'li  ijrapliiU'  occtirs  m  com- 
jiaraiivclv  almiidaiit  fitiaiititics  in  matiy 
localities,  it  is  rarely  of  sulTiciciil  pur- 
ity to  be  availalilo  for  pencil  luakiii.tf. 
Oxides  of  iron,  i-ilicatc?  and  otlicr  im- 
purities  are   foun<l   in   tlie  ore,   all   of 


niipure  ]iartieles  beins,'  separated  by 
band.  It  is  tben  finely  (bvided  in  large 
pulverizers  and  jilaced  in  tubs  of 
water,  so  tliat  tbe  ligbter  particles  of 
s;rapbite  float  off  from  tlie  heavier  par- 
ticles of  impurities.  This  separating, 
in  the  cheaper  grades,  is  also  done  by 
which  must  be  carefully  separated  to  nieans  of  centrifugal  machines,  but  the 
insure  a  smooth,  serviceable  material,  results  are  not  as  satisfactory.  After 
The  graphites  found  in  Eastern  Si-  separation,  the  graphite  is  filtered 
beria.  Mexico,  Bohr-riia  and  Ceylon  through  filter-presses, 
are  principally  used  by  manufacturers. 

What   Makes   Some   Pencils   Hard    and 
How  Arc   Lead-pencils  Made?  Oth^rs  Soft? 

The  graphite,  as  it  comes  from  the         The    clay,    after    iiaving    been    sub- 
inincs,  is  broken  into  small  pieces,  the     jccted   to  a   similar  process,  is  placed 

Pictures  by  courtesy  Joseph  Dixon  (  rucible  Co. 
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liN     WHAT   MAKI.S  SOWI:  PIINCII.S  SOIT  AND   OTHLRS  HARD 


Fir.    4. 


I 


no 


Fitr-  4  ~liiiws  a  |irM»|Hiti\c  \ii\v  nt  ilu'  lilmk  :is  it  apptars  when  taken  out  of  tlif 
fr.rm ;  tlit  UacN  can  lir  mi  11  in  tlit-  mil.  TIicm-  lil<ck>  an-  fed  ti>  niacliim-s  which  cut 
out  the  piiuil^  in  ..uc  ..piratitin.  .\ii  idea  ni  thix  niK-ratinii  is  jiiven  by  Vi^.  ;.  whicli 
shows  a  hluck  hall'  cut  ihr.'U^h.  The  |nncil-  coiiii-  out  (juite  siuootli.  hut  arc  sand- 
papered to  a  iiucr  nuish  lict.irc  rcceiviiii;  tin-  lini^hiTlL■  coats.  The  Imer  Krades  ot  peiuils 
are  KUeii  from  s(\en  to  nine  coat~  of  \ariii-h  hetore  heint^  passed  along  for  tile  next 
pr.icrss,  lie  '1  -h:  «s  a  pencil  after  it  h:>~  't.  "  machined  ancl  before  it  has  li«en 
\arnislied   and    -tamped. 


ill  mi.xers  with  tlie  j,'r,iiiliitc.  in  propnr- 
tioiis  cleiieiulc'iil  ii]mmi  llic  grulc  of 
liariliH'ss  that  i>  desircil.  .\  finalcr 
lirri]ii)rlii)n  (if  cl.iy  |in)i!iii-es  a  j;ri-aler 
<legrec  !)f  lianliK'>>:  a  lesser  ]irii]i(ir- 
tioii  iticrcascs  tin-  s(iftius>. 

I-'urtherniiirr.  llie  re.|iii-ite  •ie.u'i'cc  ni 
liarcliU'Ss  is  ulitaiiu-il  liy  the  snhsecjiieiit 
operation,  viz.,  tjie  eimi]ire-^iiijr  of  the 
lead  aiul  slia|iiiit;  it  into  form  ready  lo 
be  glue<l  into  tiie  wood  ea-iiiijs.  A 
higiily  conipresseil  lead  will  prodiiee  a 
pencil  of  },'realer  wearini;  c|U;ilil:es.  an 
iiiiportatit  feattire  iti  a  hij;li-j,'rade  jien- 
cii.  iiy.inuih'c  presses  are  used  for 
tiii.s  purpose:  and  the  ini.xttirc  of  clay 
and  jjrai'hite,  which  is  still  in  a  iil;istic 


coiidilioii  and  lias  lieeii  formed  into 
loaves,  is  ])laced  into  these  presses.  1  hi* 
jiresses  are  provided  with  a  die  con- 
forniin;;  to  the  caliher  of  the  le;id  de- 
sired, ihrouf,di  which  die  the  material 
i-.  forced,  '{"lie  die  i-  n-iial]\  ciil  fruiii  a 
sap]ihire  or  emerald  or  other  \ery  hard 
mineral  siihstance,  so  that  it  will  not 
wear  aw.iy  too  (|iiickly  from  the  fric- 
tion of  the  lead.  The  lead  leaves  the 
jiress  in  one  contiinioiis  string,  which  is 
cut  into  the  !en),alis  required  (usuallv 
seven  inches  for  the  ordinary  size  of 
lieiicili.  is  placed  iii  crncihles,  and  tired 
ill  iimlite  iiirnaces.  Tiie  lead  is  now 
re.idy  for  use,  and  receives  otilv  a 
wooden  CISC  to  convert  it  into  a  pencil. 


HOW    THF.  FRASIR    IS    PI   I    ON    A    PINCH. 


M'l 


Where    Does    the    V7oodcn    Part    of    a 
Lead-pencil  Come  from  ' 

riu'  u<Mi(l  um4  ill  |ii_'iK-il  making 
imivl  lie  ilosc  aii'l  >tr;iij;lit  jiraim-d, 
oft.  Ml  lliat  it  can  readily  he  wiiiulcil, 
,11(1  ca])alik'  of  takiii.tj  a  .yniiil  Imli-Ii. 
Xo  liclter  wooil  lias  l)eeii  found  than 
tlic  ri-<l  cedar,  ;i  native  of  the  I'liited 
States,  ;i  durahle,  compact  and  fra- 
grant wood  to-day  almost  exclusively 
used  h\-  pencil  makers  the  world  ovr. 
I  hv  he>t  i|nality  is  obtained  from  the 
Miulheni  Slates,  |-'lorida  .and  Alaliania 
in   jiarticular. 

The   w 1   is  cut    into   .-kats  about   ~ 

inelie-  lonj;,  J'.,  inches  wi<le,  an<l  \!\ 
iiicli  thick.  It  is  th'-n  tlioroui^hly  dried 
ii'  kilns  lo  sfp.arate  the  exce-s  of  moist- 
ure run!  re>in  and  to  ])ri'\ent  suhse- 
MUiiit  warpin.i,'.  Alter  this  the  sl.'its 
are  passed  ihrou,!,'h  antomaiic  f^'roovin^"- 
inailiine>,  each  slat  receivini;  six  semi- 
circular jjrooM--,  into  which  the  leads 
arc  jilaced.  while  a  second  slab  with 
^iinil.ir  grooves  is  hrusheil  with  ylue 
and  covered  over  the  slat  contaiii'm; 
tile  leads.  This  is  jiassed  throu.i;h  a 
moldin.!,'-niaciiine,  which  turns  out  ])en- 
cils  shaped  in  the  form  desired,  round, 
iiexaijon.  etc.  '['he  iieticils  are  now 
passed  throu.uh  sandintj  machines,  to 
pro\ide  them  wilh  a  smooth  surface. 

How   is  the   Color  Put  on   the   Outside 

of  the  Pencil? 

After  saiicl-paperin.L',  which  i,.  .t 
necess.'iry  ])relimiuary  to  the  coloriiit; 
]irocess,  when  line  finishes  are  desired, 
tile  pencils  are  varnished  by  om  of  sev- 
et.il  nielhods.  That  most  commonly 
eni]ilo\ed  is  the  mechanical  metliod  by 
which  the  jiencils  ;ire  fed  from  lio])- 
jiers  one  at  a  time  through  sni.ill  aper- 
tures just  large  enough  to  admit  the 
pencil.  The  varnish  is  applied  to  the 
I)encil  aulomatic.illy  while  jiassing 
through,  and  the  ]iencils  are  then  de- 
posited on  a  long  belt  or  drying  pan. 
They  are  carried  slowly  a  dist.ince  of 
about  twenty  feet,  the  variii--h  de- 
posited on   the  peiuiK  nicaiiwliil.    ilr\  - 


ing.  .nil!  ;ire  emi>lied  into  a  reteptack'. 
W  lien  sutlicient  pencils  li.ave  .iccumu- 
l.iteil.  they  are  taken  hack  to  the  hop- 
per of  tile  machine  and  the  operation 
repeated.  This  is  done  as  often  as  is 
neces>.'iry  to  ]iroiluce  tlie  desired  tin- 
i-h.  rile  better  grades  are  jiassed 
tiiroi:.;,h  ten  times  or  more,  .\r.otlur 
metlKMl  is  tli.it  of  dijiping  in  pans  ol 
v.irnisli.  the  jieiicils  being  suspended 
b\  their  ends  from  fr.imes,  ininiersed 
r.ieir  entire  length  .ind  withdrawn  very 
-.lowly  by  maciiine.  .\  smooth  eiiani- 
ijed  elVect  is  the  result.  The  finest 
grades  of  pencils  are  jiolished  by  hand 
This  work  rei|uires  considerable  deft- 
ness; months  of  iinuiice  are  necessary 
to  develop  a  skille<l  workman,  .\lter 
being  v.arnished.  the  ]>encils  arc  passed 
through  niacliines  by  which  the  accu- 
mulation of  varnish  is  sand-ijapereii 
from  their  end'-.  I  lie  ends  are  tiun 
trniimed  by  v^Ty  >liar])  knives  to  give 
tbeni  ;i  cle.iii,  tinished  ap])earatice. 

Stam])ing  is  the  next  ojieration.  The 
gold  or  silver  leaf  is  cut  into  narrow 
stri])S  ;uid  l.iid  on  the  iiencil,  wliere- 
tipoii  the  pencil  is  placed  in  a  stam])ing 
press.  ;ind  the  he.ated  steel  die  brought 
in  contact  with  the  leaf,  c.insing  the 
kilter  to  adhere  to  the  jiencil  where 
llie  letters  of  the  die  touch,  'i'he  sur- 
plus leaf  is  remove*!,  and,  .after  a  liii.il 
cleaning  the  jiencil  is  re.ady  to  be 
boxed,  unless  it  is  to  be  further  iiii- 
bellislied  by  tile  a<ldition  of  a  niet.il 
tip  ;ind  rubber,  or  ntber  .•ittacbmcnf. 

Hov^-  is  the  Erastr  Put  On  a  Pencil? 

In  this  country  about  nine-tenths  of 
the  ])encils  are  provided  with  ruMier 
enisers.  These  are  either  glued  into 
the  wood  with  the  le;ul.  or  the  pencils 
.'ire  ])rovided  with  small  metal  ferrules 
threaded  on  one  end.  into  which  the 
rubber  iraser-plug,--  .ire  inserted.  These 
ferrules  are  made  from  sheet  brass, 
which  i-;  cupped  by  means  of  power 
presses,  dr.iwn  through  subse(iuent  op- 
erations into  tubes  of  four-  or  five- 
inch  lengths,  cut  to  the  rc<|uired  size, 
threaded    and    nirki  1  plfed. 


I7(t 


\\H[:rj.  lotion  comis  wiow 


A  SOlTHtKN  (OTTDN  Flia.I) 


The  Storx    in   u    l^alc  of  (Bolton 


Where  Does  Cotton  Come  From  '. 

Wi-  i:<jt  cotton  trniii  a  |ilant  wliicli 
f;ro\vs  liest  in  tlio  warm  diniato  ot  our 
Southern  Stato.  Cotton  lias  liecn 
known  to  tlii'  pcopk'  of  the  uorlij  lor 
a  loni,'  tinu-.  lletore  the  hirtli  of 
t  hri-t  peoi^le  knew  ahout  cotton. 
I  hey  thonylit  it  was  wool  which  )j;rew 
on  a  tree  insteail  of  a  slieei)'s  hack. 
.\'o  other  iilant  is  of  sucli  value  to 
man  as  cotton.  We  should  learn 
-otncthinjj  ahout  a  plant  that  is  used 
l)v  man  in  so  many  uays  as  cotton. 

The  cotton  plant  of  our  Southern 
States  is  a  small  shnib-like  annual 
ahout  four  feet  high.  The  flowers  of 
the  cotton  plant  are  white  at  first  hut 
rhanjre  to  cream  color  and  then  are 
tinjied  with  red.  This  change  takes 
[ilace  over  a  period  of  four  days  when 
the  petals  drop  ot'f  and  leave  what  is 
called  a  "boll"  in  the  calyx  of  the 
flower.  This  hoU.  which  is  to  contain 
the  cotton,  is  really  the  -eed  combiner 
of  the  cotton  plant  and  keeps  on  grow- 
in.E;  larger  until  it  is  about  as  bijj  as 
a  hen's  egg.     When  it  is  fnllv  grown 


ceds 


or  npe  the  boll  cracks  and  lie 
and  lihrous  lint  burst  forth,  riic  holN 
are  then  gathered  and  taken  to  a  cot- 
ton gin.  where  the  seed>  are  -.i  parated 
from  the  lint  ;ui.l  the  lint  preparerl  for 
weaving. 

i  he  lioll  i>  <livided  into  ivuu\  three 
to  five  sivtiotis.  I'.ich  section  coiil.iiiis 
a  <|uantity  of  lint  and  seeds.  When  the 
boll  is^  u,ll\  grown  the  covering  of 
each  of  the  sections  cracks  ami  opens 
up,  revealing  the  contents.  h  ,^  just 
like  o[ieniiig  the  iloor  of  each  >ection 
and  having  the  content>  burst  out. 
When  these  bolls  burst  oj.cn.  there  is 
no  more  beautiful  sight  in  the  uorM 
than  tf)  look  out  o\er  a  cotton  tield 
and  see  the  colored  jieople — the 
ton  pickers" — busy  ai  iluir  work 
ing  off  the  bolls. 

When  the  crop  is  gathered 
ginned,  the  lint  is  p.aeked  into  bales  auf 
taken  to  the  collo,,  mill,  where  it  is 
made  into  cloth.  (  )iic  of  the  most  in- 
teresting industri.d  pi-oce--se>  in  the 
world  is  to  see  tile  bale  of  ctlon  go 
into  a  cotton  mill  and  come  out  a  piire 
of  cotton  L^ood- 


cot- 

I'ick- 

and 


Tin-  liiili-^  :irr  i)iH-n<.-(l,  and  tin- 
cotton  is  tlirown  into  the  larjio 
lio|i|nrs  at  :lu'  front  of  tlu'sc 
niacliiiH-^.  which  open  and  loosen 
the  libers,  work  ont  himps  and 
remove  the  grosser  iiniuiritie-. 
snch  as  dirt.  leaf,  seed  .ind  trash. 
.\  stroim  air  ilraft  carries  otT  the 
ihist  anil  f..reii;n  particles,  and 
ills  the  c.iiton  thronjih  trtnikN 
to   the   Hoor   .di.nc. 


t.,\PI'lll     MVCHINTS. 

In  these  niaihines.  known  as 
lireaker  and  I'iniOier  l.appers, 
more  of  the  trash  and  impurities 
is  l.i.it.ii  out  of  the  cotton,  and 
the  lint  IS  carried  forw.ird  anil 
wonnil  into  rolls  .if  cotton  hat- 
tiny,  known  as  laps.  Several  of 
these  are  doidiled  and  drawn  into 
one  so  as  to  pet  tlic  weisht  of 
each  >ard  as  uniform  as  possible. 


g^l^^g^ 


FIRST   STEPS    IN    MAKINCi    COTTON    CL 


OTH 


<  ARM    ROOM. 

In  till-so  macliiiu-s.  known  as 
NovolviiiK  Mat  Top  lards,  tlic 
'ttmi  passes  dvit  ri-vcilvinK  i\I- 
'Uis  cl..ilu-(l  will]  vvirr  t.-eih. 
■I. I  till-  hliirs  arc  cdiulit-il  din  ,iihl 
ml  parallel  uitli  cacli  .i.li.r. 
lii'V  are  cleliv(Ti-<l  at  tlu'  fr, mi 
I  tlu-  maclii.ie  as  a  lilnn  wel.. 
liicli  is  walli.Tol  tn«,llu'r  ami 
■rnifci  iiitu  ;i  soil  cl.umv  riMiuii 
r  r.ipe.  kii.iwii  as  canl  >liver. 
Ills  IS  aiitiiiiiatieally  i..iKil  and 
<  livrrod   int,i  cans. 


Ti)  insure  nnifnrinin  in  weiKlit. 
so  tlial  tile  yarn  when  ^inin  sliall 
run  e\eM.  the  eard  sli\ers  are 
clontiled  and  drawn  out.  red. milled 
and  again  drawn  mit.  sonu-wliat 
in  the  manner  nl  a  candv  maker 
piiIliiiK  tatTv.  only  here  the  prneess 
IS  c-(,iitimi..iis.  .Six  strands  ,,f  the 
card  sliver  .ire  feil  in  touether  at 
the  hack  of  the  .Ir.iwini;  frames, 
pnlled  out  and  delivered  as  one  ; 
and  the  process  repeated.  This 
prnduces  a  sliver  more  iinifonii 
in  weight.  ,ind  in  which  the  rdircs 
are  more  parallel. 


SLfllBER.S. 

'I"hf  slixer  from  the  drawins; 
frames  is  taken  t.>  ni.ichiiies 
called  sliihi.ers,  where  airain  the 
tillers  .ire  dr.iwii  ont.  and  the 
strand  of  cotton,  now  mncli  finer 
and  known  as  sliiliher  rovin.i;.  is 
Kivi-n  a  hit  of  twist  to  hold  it 
tiimiher.  anil  is  wound  on  large 
bohbins. 


PL  TTINU    THIl    COTTON    IIIUR    ON    UOIJIilNS 
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THI.   COTTON    IS   RtADV   VOU    !)M  IN(i 


-I  "iiii^. 

Two  U:iui-.  "i  >  .irii  arc  ilc- 
lixiTiil  at  ilif  s|>iiiinii)i  ir.itne>. 
kill '» II  a^  »arp  ami  lilliiii:.  whlili 
niako  ri'5piiti\tly  llu  It  iii;ltnvi-.c 
.iiil  irii-vvM-i-  iliriM.l-.  .if  till- 
I. 'ill.  TIic  lilliiiK  is  in  h>  omi- 
,.Kiiil  f. irm  riaily  I'lT  tin-  loi.in; 
till'  Harp  iiiiist  lir»l  In-  HMtitii  int.. 
-Iiai'i-  Inr  iljoiii!'  ami  iIkii  ar- 
raiiti  >1  In  iiaralUI  ri>«s  .ir  ^lieii^ 
111  tliriail  lor  wcmmiil'.  Tlir  tirsi 
i.f  ;I  , -(•  |ir.iciss(>  is  s|".iillim.  aii'l 
Is  viiiiplv  In  iiiiwiiiiliiii:  tlu 
iroiu  ijic  small  li.il.liii|s  mi 
\.  iicli  it  is  s|iiiii.  uiiil  ri'wiiKliiii; 
It    un    Iari;e   spools. 


The  s|..  mK  lil  warp  yarn  arc 
placii!  in  lar^r  wnoiliii  racks  nr 
cruls  frimi  which  thiy  can  cmi- 
vciiiintly  miwiiiil.  The  siparati 
threads  arc  drawn  thrmii;li  littlt 
wires  m  the  u.ir|iers.  ami  an 
i;.illureil  inl"  .1  hiin.h  or  rope  nf 
ihre.i'ls.  which  is  wiiiiiid  in  a  larm 
eylinilriial  h.ill  known  as  a  warp. 
It  any  thread  lireaks  while  |>ass- 
iiiR  throiiHh  the  warper,  tile  little 
wire  drops  ami  stops  the  niaihiiie. 
In  this  «ay  full  coniit  of  tlircads 
.md  inn  form  \ieii,dit  of  the  goods 
is    jllsllreil. 


DYE-HOl'SF. 

Mere  the  warps,  after  l)ein« 
hulled  anil  s.ifttneil  to  enaMc  the 
dye  to  iiuutrate.  are  passed 
ihroimh  the  indJKo  wits.  Sever.d 
rnns  arc  made  to  iict  the  heailti- 
lil  lUpth  ni  Color.  'I  his  !)>>- 
lioii-e  is  ii|iiippcd  willi  one  hnii- 
ilrcd  indiiio  vats,  and  is  one  of 
tlie  hcst-livihtiil  ami  cleaiust-kc|it 
dye-houses  in  tlie  uorld. 


will  in.  nil    LOI  ION   IS   WOMN   INK)  ci.om 


it; 


BnAMIMG  FRAMES. 

Alter  bi-inn  dyid.  llu'  warps  an- 
wa>hiil  aiiil  lliiii  |ia»siil  tlirimiili 
'Iryiiig  in.iihiniTy.  irniii  vvhicli 
ilicy  arc  lU  livi-riil  iii  cnil>  'I'Ium 
arc  lirinii;lit  to  the  lK-aniin>; 
iranu's,  wlicrc  they  are  aKaiii 
spriail  out  into  sheets  of  nnrallel 
ilireails,  ami  pa>sc(l  throiitih  thi 
leeth  of  a  steel  Comb,  which 
separates  the  threads  uiul  prevents 
langliiiK,  ami  in  tliis  form  they 
are  woimil  nil  liiiKe  iron  Spools 
kninvn  as  siasher  Ijeains. 


SI.ASHFRS. 

I"rnm   the   heaiiiin;,'    I'raiiieN   the 

uariis     are     taken     to     niaehiiies 

l-iiov.n    as    Slashers,    where    they 

lie    -ized    or   stitTened   to   enable 

iiieiii   til   viand   the  eliainiK   at   the 

looms    iiu'idental    to    tlie    process 

1    weaviiii;.      The    sla-her   beams 

iie    plaeed    in    an    iron    frame    at 

he  baek  of  the  slashers  and  un- 

omid   toyetlii-r   tlimiiKli   the   ma- 

'liine.   With  them  some  addition  d 

I'lreads    of    white    yarn    are    nn- 

md  at   riiher  «idc  to   I'oriii  the 

selvage  of  the  cloth. 


WEAVE    KOOM. 

The  sheet  of  warp  threads  nn- 
winds  fr(.m  the  loom  beam,  re- 
ceives the  lilliiifj  tlireads  and  is 
wound  into  a  roll  of  cloth 
the  from  of  the  loom.  Ibis 
weave  room  contains  2000  looms. 
It  is  iK)4  feit  lont;  by  iSti 
feet  wide  fabont  four  .nores)  and 
IS  the  laruest  sinijle  weave  room 
in  the  world.  Overhead  is  the 
ronf,  which  forms  one  vast  sky- 
light, beinp;  of  what  is  known  as 
saw-tooth  ciMistrnctinn.  The  ver- 
tical sides  of  the  teeth  all  face 
uiie  iiorili  ami  are  formed  of 
ribbed  kIh^s.  which  affords  the 
most  perfect  light  to  every  section 
of  the   room. 


I,'. 


IMI     COriON    cl Olll    I  INISIII.I) 


rNSFfTTiNn  r\ni.r». 

Ilcfnrt'  K"'"K  I"  the  l.aliii« 
|>rf«M*  iMry  yard  'i  cuttnii  ilnili 
pas-t!*  iiiKlir  the  viuilant  t>f.  •>{ 
lln'  cloth  iii>|Kvti)r».  tth.i  mark  « 
MXiiiids  ail. I  lay  asidt-  all  iiiivcs 
'.iiiitaiiiiim  'iMiirrftvliiiiis.  This  in 
•lucliuii  is  iii't  I  iiicri'  f.irmaiits 
Imt  is  i-iindm-tfrl  in  isi  canfiilU. 
ami    llii»    di'i'arliiiiMil    is    •|Mi-iali\ 

I.ii-ai<-il   III  lilt   ill,-  I.. -I    .".:   I 

pcrfict  littlit. 


BALING     PRF5SES. 

The  Ixihs  iif  liTiislii'd  cloth 
arc  now  idactil  in  |iri  «si>.  and 
iiiado  into  halls  of  lini^htd  cloth 
and  arc  ready  for  the  market. 


Shi|i|iiiiH  platt'orni  el  die  White 
t  lak-  Mills.  (Ire.  nshor.i,  \.  f., 
-Iu'winn  liow  llie  hales  of  liiiished 
tloth    are   handled    in    shippinjj. 


rcwith  bv  courte 


Df  Wl-i 
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\M()l  NT  or  CIOTH  IN  ONL  IH)LM)  t  »|    COI 


Wlio  DisiiiVi-iiii  Cotton? 

Jii!<t  will!  (li>(.iivcrc<I  lottnii  i^  not 
kiiov.n.  riif  I'.irly  rirnrds  .irc  so  iii- 
iiiinpliti'  that  lU)  intlividiial  ran  In- 
I Tfililtd  witli  tlic  <li>c(iv(.'ry  of  the  vahie 
of  this  wniiiltTt'iil  plant.  I.oinj  lufuro 
(  .isar's  tinu-,  atiionn  thi'  llimloos  they 
had  a  law  that  if  vou  stole  a  piece  of 
lotfon  yon  were  titieil  three  times  its 
value.  Mo^-t  of  the  early  nations  were 
familiar  with  cotton — the  early  I'-Kyp- 
tians,  t  hiiiese  ami  other  ancient  people 
i!-id   it   .ind   \aliifd   it 

Whft.      Nation      Produces      the      Most 
Cotton '. 

TIk  riiili<l  Stati>  is  the  leader  in 
the  proihiction  of  cotton,  as  in  ni.itiv 
iitlier  important  worhl  product-.  We 
produce  more  than  sevcnty-lUe  jjcr 
I  cm  of  all  the  cotton  jjrown  in  the 
world.  The  remaimler  is  practically 
all  firowii  liv  l',a-t  India,  l-'.''vi)t  and 
I'.iazil. 

Wliat  is  Cotton  Used  For  ' 

)  he  coltoii  plant  i>  one  of  the  won- 
der plants  of  the  world,  when  yon  stop 
to  think  how  well  we  could  j;ct  alonjj 
witliont  wool  or  silk  or  other  fabrics 
if  we  had  to. 

Little  would  III-  I'j-t  to  tliv  world  so 
far  as  actual  comfort  is  concerned  if 
.111  of  the  other  f.diric-makins;  m.ite- 
ri.ils  were  lost.  We  would  sleej),  as 
we  otten  do  now.  in  l)e<ls  the  cover- 
hil;-  (if  wliirli  were  pure  cotton,  in  a 
niciin  in  which  the  nifjs  were  woven 
from  cotton,  the  sun  kept  out  of  ilie 
room  hy  cotton  wimlow  shades.  We 
could  still  have  |>lenty  of  jjood  soap 
to  wash  our  bodies  and  clothini;.  for 
much  of  our  soap  to-day  is  made  from 
rotton-sccd  oil:  then  we  could  use  a 
cotton  towel  to  dry  ourselves;  an(l  jntt 
on  a  complete  outfit  of  dotliiiii;  made 
iiitirdy  of  cotton.  White  cotton  table 
( Icths  and  napkins  are  not  so  line  •i'^ 
linen:  they  are  fjood  cnoui,di  for  ;mv- 
nnc.  ^'(lur  breakfast  rolls  will  ta-te 
ijuitc  as  well  if  baked  with  cottolcne 
instead  of  l.ird  :  the  meat  for  your  din- 

!HT     Wnul'!    '■.•-     ^r:\    nr;.-!     fattCncd    OH    COt" 

ton-secd  nual  and  Imlls  as  they  are 
now:  vou  wuiiM  li.ive  butter  made 
from  cotton-seed  that  compares  favor- 


ably with  the  liuitiT  you  now  h.ive  on 
till-  table;  the  tob.icco  in  your  ci;;ar 
would  contimie  to  be  yrow  n  under  cot- 
ton cloth  .and  p.tcki'd  in  cotton  baK"*  ^ 
armie-  would  -til'  -leep  under  cotton 
tents  .and  could  use  nun-cotton  to  de- 
stroy the  enemy. 

What  Are  the  Principal  Cotton  Cloths  f 
There  are  a  yri'.it  many  ditlerent 
names  jjiveii  to  cotton  doth-,  but  they 
may  in  general  be  divided  into  t'lve 
clas>es — )»l.iin  j,'oods,  twills,  sateen, 
f.incy  cloth  and  j-ic<|uar<l  f.ibrics.  The 
cotton  cloth  in  each  of  these  classes 
v.'iries  ami  >;"cs  by  ditlerent  names. 
I'or  instance,  in  Plain  <  ioods,  the  clif- 
ferent  kinds  are  Livi,  nainsook, 
sluitinij.  nuill,  jirint  cloth,  madras. 
I'll*  dilTerence  lies  in  the  number  of 
thread-  in  one  inch  f>f  wirjth.  the  tine- 
ncss  .iiicl  the  we.ive.  The  Twills  have 
lines  rnmiint;  di.iyon.dly  ;md  are  used 
for  linint;-  mo-il\.  'The  dill'erence  is 
in  the  weaving.  Denim.  Iar),'ely  use<l 
for  overalls,  belonj;-  to  the  class  of 
'Twills.  S;iteen  is  used  for  dress  lin- 
ini;s,  <lresses  and  wai-ts.  'Then  there 
i-i  the  da--  of  K.mcy  t'loths  which  is 
another  kind  of  we;ive  used  larsjely  in 
children's  clothes,  shirt  waists,  etc., 
and  nndir  the  namt'  Scrim  is  thic  f'lr 
draperies  and  to\vi-llin«.  The  otlur 
class,  Iaci|u;iril  T'abrics,  re])re-ents  the 
most  comjilicateil  form  of  weavinj,'  and 
used  larfjdy  under  sjiecial  individual 
n.imes  or  bramls  for  rjress  jroods,  nf»v- 
elties,    ■<■:. 

How  Much  Cotton  Clnth  Will  a  Pound 

of  Cotton   Make  ' 

When  the  cotton  i-  -pun  into  v;irn 
it  is  no  lonijer  sold  by  the  bale,  but 
by  the  p'onnd.  It  is  imjiossible  to  make 
an  exact  stateitient  of  the  .amount  of 
cotton,  doth,  one  pfiund  of  cotton  yarn 
will  m;ike,  biranse  of  the  difference 
in  we.iviii!,'.  It  ha-,  however,  been 
lijj'.'red  out  that  ;i  pound  of  cotton  varn 
should    m.ikc 

,V'i  yard>  of  sheetinj;.  or 

,VV(  yards  of  muslin,  or 

■>'<  yards  of  kuvn,  or 

y'j  yards  of  calico,  or 

55j  yards  of  j;in.!.;hani,  or 

57  spools  of  tl;re:id 


MOW    ini.  Ml  SIC  (ii  IS  INK)  nil:  piwo 


(  IIRlSTuFCRl     PIAXn    FROM     THE     MLTkuFOl.ITA.V    ^.tViKUM    OV    ART,    XLW    VOKK    illV. 


The  SloiN    in  a   Pia 


no 


All 
art- 
air 
tin- 


What  is  Music? 

Mli--ic  i~  iiiK  kind  of  ^ouinl 
-imiiils,  wlu'tlit-r  inu-iial  nr  in'i 
ilii-  rcMili  (if  siuinij  \vavo>  in  \\u 
riuy  iravtl  almost  oxai-tly  liio 
wavrs  (It  tlu-  uattr.  They  ^d  in  i-irrlis 
in  all  ilircotion^  at  tile  -anio  -]<vi-'\  and 
will  1:11  on  forivtr  mile--  tlu-y  nicvt 
-onuthin','  that  ha-  tlu'  ahilily  to  -lop 
tl cm.  If  yoii  dro|i  a  pclihli-  into  the 
exact  I  enter  of  a  lia-in  of  water.  \oii 
will  -ee  the  rill;,'  of  wavi'-  prodtiei'il 
-tan  from  the  l^oini  where  llie  I'eMiIe 
entered  tile  water  ailij  travel  to  the 
-ides  o|  tlie  Ve--el.  wlliell  -top  ihein. 
Al-o  the  ]m!.1i1,  a-  it  falls  into  tin- 
water  uill  iii;;ke  riiii;  afi'''  ci'' ■  "< 
waves. 

When  >■  ■u  -i.muI  or  riiii;  ..i  -u  u,. 
one  of  the  Ue\  -  I'l  the  piano  von  -tart 
a  -onnd  wave  or  a  -erie-  of  tlient. 
which  vdti  can  luar  a-  '^0011  a-  the 
-oiiiid  wave  strikes  your  ear.  When 
the    series    of     waves    i-     reijni.ir    tin- 


-onnd  prodnceil  is  a  imisical  sound, 
.md  when  the  -onnd  wave-  are  not 
ri;,'nlar  in  length  we  call  it  -oine  other 
kind  ol  a  sound. 

Aclini,'  on  the  know  led.Lje  so  learned. 
ni.ni  lu-  deviled  nnmerotl<  in-trunicnts 
with  which  he  can  pro.Juce  nui-icil 
soilnils.  -iicli  a-  tile  piano,  phouoyr.iph. 
and  many  others. 

Who  Made  the  Fiist  Piano  ? 

I  he  first  real  piaiHi  was  tn.ade  liv 
Martolonieo  (  hri-loi"ori.  an  ll.ili.m. 
He  invented  the  little  hanniler-  liv  the 
.lid  of  which  the  -trin;.;-  are  struck, 
■.'ivin;;  a  clear  tone  in-uad  of  the 
scnitcliiinj  souiiil  \vhii'h  all  the  ]irevions 
in-trnmenls  pro(liicecl.  It  took  two 
tlioii-.and  ye.irs  to  discover  the  value 
of  tlu'  little  h.iminers  in  m.ikiin,'  dearer 
notes.  His  (n  -  •  piano  w.i-  m.nle  in 
_I7(|<;.  The  w-Td  hy  which  we  call  the 
in-tntnient  jii.inoforte  ha-,  howiver. 
heen  tr.ace.l  li;ick  as   far  'is   l-(|S,  wlien 


lUi;    DISCOM.kN    Ol     SIR.NCiLl)    MISICAL    INSTRLMIMS     i: 


it  i>  ■-;ii(l  1(1  liavi-  iu-i'ii  iirit;iii,ilc'l  liv 
an  Italian  naim-il  I'aliarino.  liu  ili>i 
jiianii  made  in  Anii-rii-a  ua-  [ iri h Uk-lm  1 
I'V  Jolm  i'.ilimiij.  in  i'liilaili.i|.iiia.  in 
i;  75 

How  Was  the  Piano  Discovered  ? 

I  lie  iiianii  i-  a  ^.triiiijcil  inii-ical  in- 
slrnniint.  Tiu-  nanic  piamiinrtv  roini-s 
trnm  luu  Italian  wnrils  nn'anin;;  soft 
aiul  Imii/.  aiiij  i>  aiH'nrati-ly  ik'scriiiiivo 
(if  till-  jiiaiKi  im-aii-.i-  tjic  miti's  can  at 
will  In-  inadi'  --iiM  (ir  Idud,  'I'lii.-  (liano 
i-  a  df\\l(i|iin(.nt  (if  tin-  sini[ik-.t  funn 
of  inaivint;  rc.;,fnlar  -mind  viliralinlis  hv 
snapiiini;  nr  hatnnurini;  a  strini;  (if 
sunii-  kind  \\iiii.-h  is  strctclivil  tii;lit  ami 
fa-tiMifd  at  Imili  vwi]".  W'c  nnf-t  yo 
far  hack  int(i  lii-tury  t(i  tind  iIk'  (.'arliist 
trace-  (if  strinijcd  in-tnimcnt-,  and 
even  then  we  iki  nut  kn-iw  where  and 
when  they  (irit;inated.  for  tliere  -eeni 
Id  In-  nil  reciird-  which  iieip  n-  tn  trace 
their  (iri'^in.  We  kninv  that  tile 
i'.L;v|itian-  a-  far  liack  a-  j;.';  l'i.('.  hail 
-trin;^eil  in-trnnieiit-,  hm  we  diiK  kiinw 
ihey  had  tiieni  ikiI  where  thev  l-oI 
tlieni  (ir  wliii  maile  them.  'There  is  a 
k't;end  that  the  k'uiiian  yiid  Merciirx', 
\>hile  walking  almii;  the  N'ile  after  tile 
ri\er  had  nvcrllnwcd  its  hank-  and  llu- 
laml  had  a^ain  hecnme  drv.  sUihhed  his 
t(ie  (in  ihe  -hell  (if  a  (ka.l  Idiliii-e     lie 


picked  it  U]>  111  ...  I  i>  .,,i.ii  .uid  .ico- 
deiiially  tdiicheil  some  striii'js  (if  sinuw 
with  his  tiiiiier.  These  sirinj;s  were 
(inly  what  remained  (if  the  (incc  live 
liiricii-e.  At  the  same  time  Mercifv 
heard  a  inii-ical  nute  and,  after  vainly 
tryin.i;  to  tiiid  a  cause  for  the  musical 
siiiind.  twrmced  the  strinj;  ayain  and 
(liscovered  the  music  in  tijjiitlv- 
stretched  strim,'-.  lie  set  aliout  mak- 
ii:.i;  an  in-trument.  usin-;  the  tortoise 
>hell  for  the  souiiil  hcix  and  -tretchint; 
a  numlier  of  strings  of  -inew  acros.-.  it. 
I  his  is  only  a  Icijend.  of  course,  hut 
il  we  exann'iie  the  early  musical  in-tru- 
nienls  of  the  ( ireeks.  which  was  the 
l\ri'.  we  always  Tind  the  representation 
of  a  tortoise  uiion  it. 

(  Hlier  nations,  -uch  ;is  the  e;irl\- 
(  hinese,  the  I'ersians.  the  Hindus  atid 
the  llehrews.  had  strin;,'ed  in-trument- 
ninch  resemhliiii,'  the  l\re.  In  the 
t( mills  (,f  the  ijreat  rulers  of  ["."jvpt  are 
found  representation-  of  harps,  and 
one  li:ir|i  which  h.-id  lieeii  Imried  in  one 
of  tin  tomhs  for  more  than  3000  years 
was  actu.ally  found  to  he  in  y:o(id'c(^)!i- 
dition. 

\\  herever  we  search  amoni;  the  rec- 
ords of  earlv  nations  wi  (itid  evidence 
ih.it  llie\-  were  f.iniiliar  with  the  music 
"hlainalile  Ironi  pkavincT  upon  striiiijed 
iiistrunieiit.-.   hut    we   have   never   been 


Picturi-   by   cuurtt'sy    IW  .«iir   ,t    II. .well    <.'o. 


IMI 


THL    IIRSr    MklN(il.l)    MUSICAL    INSTRLMENT 


abk'  lu  (li.M.-i)\iT  what  iicojili.  ur  wh.d 
jit-rsotis  first  Icanii'd  that  music  anilil 
hv  prodiii-cd  with  such  instrumciUs. 

riic  harj)  was  pmhably  the  first 
practical  .-triii.<;c(l  iustruinciit.  Its 
imisic  \vas  iirdduccd  In-  pickin.i;  the 
striiif^s  with  the  'int;ers  <ir  with  a  piece 
of  hone  or  metal. 

The  next  ste])  was  the  psalterv. 
which  was  produced  in  the  Miildle 
.\}jes.  It  was  a  hox  with  ^iriuys 
stretched  across  it  and  re]ireseiited  tile 
first  cruile  atlempt  at  usiii^  a  soundiii!,' 
board.  A  lar'^er  iii>tniiiieiu  which  came 
aiioul  tl  e  same  time  anil  \va^  verv  like 


uiiui  pu  iuil  the  -.trmjjs.  Tile  ehkr 
I'sich  com])()se(l  his  music  on  the  clavi- 
chord, his  ia\'orite  in-trument.  ami  tiiat 
i-  why  the  nui>ic  wrillcn  by  Bach  w 
full  of  soft  and  melancholy  notes.  The 
daxichord  proiku-ed  only  such  nolo. 

■|  lie  next  steps  brou,i;ht  the  virtjitial 
spinet  ami  liarii^ichord.  The  slriii;,'s 
on  all  three  were  of  bra>^  willi  ^milN 
al  llie  key  enils  for  jiickinj;  the  >lriiii;>. 
The  \iri;iiial  aiKl  spinet  were  very 
much  alike.  The  harp>ichord  was 
lari;er  and  sometimes  was  made  with 
two  keyboanN.  These  iiistrimieiits  had 
iiMlc-;  covering   four  octaves  only. 


/[^i^l-M.^^::^ 


Picture   hv    iv)iirlc.iy    lirnivnc   &    HowcII    Co. 
lI.WIc  IKIRD. 


liie  psaltery,  was  the  dulcimer.  I'.otli 
were  |ilayed  b\  pickim;  the  strings  with 
the  finder  or  a  small  ]iiece  of  bone  or 
other  sub>tance 

Then  came  the  ke\boanl.  lir^t  u-ed 
on  strintjed  iiiNtrumeiits  in  what  is 
called  the  flit:'ic\ilu-iiiiiii.  This  con- 
sisted of  a  box  with  cal-i;ut  vninys 
raiijjed  in  a  ^emitriaiiiile.  (  >n  the  end 
of  each  key  was  a  (|Uill,  which  picked 
the  striiit;  when  the  key  was  o]H'rated. 

.\fter  this  came  the  clavichord.  It 
was  huilt  like  a  •-mall  si  iiare  jiiano 
without  leys.  The  strings  ere  ma>le 
of  brass  and  on  the  end  of  each  key 
was    a    wedire-shaped    piece    of    bniss 


I  be  armniircmcni  n\  tlip  <;trinc:=  in 
the  liarp>ichord  jirovided  iMie  :-le|) 
nearer  to  our  piano.  It  li.id  live  )c- 
t::\es  of  notes  and  there  were  at  least 
two  strinj^s  to  each  note  instead  of  only 
one,  as  in  previous  instruments. 

Why  Do  We  Have  Only  Seven  Octaves 
On  a  Piano :  Why  Not  Twelve  or 
More  Octaves? 

•  »rdiiiaril\  the  loiit,'c>l  key-board  of 
the  ])iano  has  seven  octaves  and  three 
notes  in  aildition,  or  qj  notes,  not 
cf)uiitinj;  the  sharj)s  and  Hats.  An  oc- 
tave you,  of  course,  know  consists  of 
the    seven    notes    C   D    E    F   (i    .A    H. 


WHY    OLR    r>IANO    HAS    0\L\    SR\  F.N    OCTAV  RS 
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I'icturc  by   tuurtt.-y    I.iuir-   \   llouiil   (. ,.. 
SI'IM.T. 

I'Acn  (.•i.L.'lilli  iiiilf  is  ,1  iiiulilidii  of  tin- 
ciiK-  M'vin  niili-s  Itclow  or  .-ibiivi-.  Ilu 
11..I--I111  iliat  lIuTi.'  arc  no  iiion-  imlis 
'<\-  (Klavi's  on  the  piano  i-  tliat  if  wo 
rxiiiulcd  llic  ko_\-I>oaril  titlicr  way  onu 
or  two  oiia\vs  iiioro.  we  ^lionld  not  lie 
alilc  to  liiar  ilic  notes  struck  on  the 
keys.  Tlicrc  wonld  lie  sonml  ]iro.lncc.|. 
or  course.  Imt  the  vibrations  would  I.,- 
too  line  for  tiic  linnian  car  to  hear.  Ii 
is  said  that  tlie  ranijc  of  tlie  human 
ear  docs  not  i;o  Iieyond  snniewlicre  hc- 
tween  eleven  and  twelve  octaxcs. 


I   i'Kli.ti  I       HAkl'Ml  Hllkl). 

llif     Mitropnliinn     Museum     of     Art.     ^'c\^ 
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HOW  THi:  MLSic  GUTS  i\ro  nil    r'l.wo 


I'hntn  by  Kohlcr  &  Ca 

PUTTING    ON    THE    SOUNDING    BOARD. 
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iir5t  fijicrati'^n  in   producing  the  iiiano  is  tn   male  a   wiiDilm    frame   or  hack  cii   which  is  attachej 
i.ist   llic    si.iinilmK   li^aril.   then   the   iron,   liarp-shapccl    frame   to    uhuh   the   strines   arc    fastenC'I. 

be    I'.ncs   of   the    piano    are    proiluced   by    fclicovercii   hammers    striliing    the    strings.      The    soundinff 

l.oar.l.    «|-,i,li    ,5    i,i,.,.;,.    ,.f    „,„„i.    imiKinlRS    t!u-    t    li^.-  o  o  s 


The  stnnss  are  hiiched  on  In  _pinj  in  the  iron  frame  at  its  lower  end  and  fastened  at  the  iipner 
end  hy  a  metal  pin  or  peg  driven  into  the  back.  The  pen  is  square  on  top.  so  that  it  can  be  turned 
with   a  timing  hammer  or  wrench  in  order  to  lighten   or  slacken  the  strings,   which  is  the  operation   of 


tuning   the   piano, 


TMR  little;  hammers  WHICH  STRIKE  THE  PIANO  STRINGS  is:i 


ATTACHING     THE     LITTLE     HAUMERS     THAT     SISIKE     THE     STSIKCS, 


WOOl 

nia 


III  thi!i  picliirc  thf  workmen  are  plachifr  the  action  ancl  keys,  t^  «lii 
oden  telt-covercd  liammrrs.  which  will  strike  the  strings  anil  produce  thi 
ny    years    for    our    musical    instrument    makers    to    hit    upon    the    idea    of    u 


and   thus   make   the   pi^no   a    perfect   instrument 


h    are    al'arhc!    the    little 

tones.      It    took    a    Rrcat 

sing    thele    little    hammers. 
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Rr(il  I.ATINCi   THK    ACTION    <)i-    TME-    PIANO 


\    i.  a:u[.\h\1    ViAUo    (  M 


BlJ:ri.ATING     TI!F     ACTION     ASL>     KI:YB0ARD. 


_  This    picture    slinw^    tlit-    nian..    (larily    asstniblt-.l    an. I    the    workmen    adjusting    each    little    black    an,! 
while   kev    to    the    pri*]H*r    loucn. 


AMU     MMiitllMi. 


The    piano    'S    nnw    complete    except    fnr    p*i!ishitiK    an-I    tnnintj.      The    tuning    is    left    to  the    last. 

The   tuner   nuist   havt    .i    K'X")    far    for   music.      With    his    key    he    tighttn'*   vr    hiosens   each    of  tlie    pcjjs 

to    which     the     wires    nrr     nltachc.)    until     it     i'^    i»LTfectly    in    tunc    an-I    all     in    harmc-ny.       The  i-iano    is 
now     rraily     !■.     i\i\     r;     ■ 


WHAT  SOI  NI)  IS 


IIow  Sounds  Are  Produced. 

I  f  yon  look  closely  at  a  tuiiini,'  fork, 
'ir  a  i)iano  striiii:,  while  it  is  snuiuliiip, 
yoti  can  see  that  it  is  swin^riiiLr  ra])i(lly 
to  and  fro,  or  vihratinp.  Touch  it  \>  illi 
\i)ur  tiiit^er  ami  thus  stop  it>  vibration 
and  it  no  1oiij,'it  [irodiices  sound  ''"i-.e 
only  difference  that  you  can  di-covcr 
in  the  fork  or  striiij^^  when  souiidinj^ 
and  when  silent  is  that  when  you  ^toji 
the  motion  it  is  silent  and  '--n  it  vi- 
hratcs  it  makes  a  sound.  I'rom  this  we 
learn  that  the  sounds  are  due  to  the  vi- 
brations of  soundiiitr  l)odies.  This  has 
been  proven  by  the  examination  of  so 
many  sonmliivj:  bodies  tliat  we  believe 
that  all  sounds  are  produced  by  vibra- 
tions. 

The  (iiiestion  that  next  presents  it- 
self is,  how  the  vibrations  affect  our 
ears,  so  as  to  produce  the  sensation  of 
heariufj.  This  may  be  made  clear  by  a 
very  simple,  but  striking,  experiment. 
If  a  bell  wl'.ich  has  been  arrani;ed  to 
be  runy^  by  clock-work  i>  sus|)ended 
under  the  receiver  of  an  air  ]>umi>,  and 
the  air  pumped  out,  the  soimd  of  the 
hell  will  s^row  fahn  as  the  (|Uantit\ 
of  air  in  the  receiver  decreases,  and 
tinally  will  stop  completely.  I'>y  lonk- 
inij  throuirh  the  sjlass  of  the  receiver, 
however,  the  bell  may  be  seen  rinjjini; 
as  vigorously  as  at  first.  We  learn  thus 
that  the  air  around  a  sounditifj  body 
plays  an  important  ])art  in  the  trans- 
mission of  the  vibrations  to  our  ears. 
The  way  in  which  the  air  acts  in  trans- 
mitting; the  vibrations  is  a;  follows.  At 
each  vibration  of  the  ^oundin  ■  l)od\',  it 
comjiresses,  to  a  certain  deijree,  layer 
of  air  in  front  of  it.  This  layer,  how- 
ever, does  not  remain  compressed,  for 
air  is  very  elastic,  and  the  compressed 
air  soon  expand  and  in  dointj  so  com- 
presses a  layer  of  air  just  beyond  it. 
This  layer  expands  in  its  turn,  and  com- 
presses another  layer  still  further  from 
the  l)ody.  In  thi.s  way  waves  of  compres- 
sioti  are  sent  throuirh  tlie  air.  at  each. 
vibration,  in  all  directions  from  the  vi- 
brating; body. 

It  nnist  not  be  tlioiig-Jit  that  iiarticlcs 
of  air  tr.ivci  .ill  the  w.iv  from  the  vil>rat- 


ing  I)ody  to  the  ear  when  a  soimd  is 
heard.  i-Iach  i)article  of  air  travels  a 
very  short  distance,  never  any  further 
than  the  vibratinj;  body  niove>  in  mak- 
ing; a  vibr.ition,  and  the  movement  of 
the  air  particle-  is  a  vibratory  one,  like 
that  of  the  soiuidin<j  lK)dy.  I'lit  the  par- 
ticles of  air  near  the  soundiiii;  body 
comnnniicate  their  vibrations  to  other 
particles,  further  from  that  Ixidy.  and 
these,  in  turn,  to  others  still  further 
away,  so,  while  the  particles  of  air 
themselves  move  very  short  distances, 
the  waves  produced  by  their  vibrations 
may  be  made  to  travel  a  con.-iderahle 
distance. 

The  size  of  a  sound  wave  ordinarily 
is  very  snuill,  but  >ound  waves  are 
sometimes  made  of  such  size  and 
strenuth  as  to  strike  our  ears  with  a 
force  sufificient  to  rupture  the  ear  drum. 
Such  larjje  and  forceful  waves  coiue 
ilurin;.,'  cxpU)sions.  such  as  the  dis- 
charfjes  of  cannon  or  the  explosions  of 
lari,a'  (|uantities  of  guni^uwder  under 
any  conditions. 

What  Is  Sound? 

I'rnni  wli.i;  has  already  been  said, 
you  will  ])robal)ly  answer  that  sounds 
are  waves  in  the  air,  which  i)roduce 
the  sen-ation  of  hearintj.  This  is  cor- 
rect, but  souml  is  not  limited  to  vibra- 
tions of  the  air.  ( )ther  elastic  sub- 
stances can  be  made  to  vibrate  in  the 
same  way,  and  the  waves  so  i)rodiiceil 
when  conveyed  to  our  ears,  produce  the 
sensation  of  hearini,'.  [f  you  put  your 
ear  under  water  and  then  strike  two 
stones  to,i,'cther  in  the  water  you  will 
hear  a  sound  as  rcailily  as  you  would 
in  air.  Sound  waves  may  be  transmitted 
by  solid  b()dies  also,  and  some  of  tlKs<; 
are  better  for  this  |)urpose  than  air  or 
li(|uids.  Perhaps  you  have  tried  the 
experiment  of  ])lacins  your  ear  against 
one  of  the  steel  rails  on  a  railroad  tr.ick 
to  listen  for  the  comin<r  of  a  distant 
train.  If  you  have  tried  this,  you  know 
th..-i!  a  snun.-l  that  is  too  faint,  lir  i-  made 
too  far  away,  to  be  heard  thnmRh  the 
air,  can  easily  be  heard  throuj^di  the  rail. 

In  view  of  the  fact  that  other  -ub- 
>taiu-e'~    than    .air    can    he    thrown    into 
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THE  SPtLD  AT  WHICH  SOUND  TRAVRLS 


waves  that  will  ati'ict  the  sense  of  liear- 
iiiU.  wc  may  ilet'me  soiitid  as  vihratiotis 
in  any  ehistie  nl)ject.  tliat  priMkioes  the 
>eiivatiim  nf  hearins,'. 

The  (lefmitiiiti  is  sonietinics  cal!e<l  the 
|ihysieal  detinition  of  sound,  in  contra- 
<h>tinetinn  to  the  physioloj^'ical  ilefmitioii 
of  sound  wiiieh  is  fjiveti  as  t!ie  sensa- 
tion |irf)diiced  wlien  vihratioiis  in  elas- 
tic siihstaiue-i  are  conve\ed  to  our  ears. 
Vou  will  «ee  tlun  that  sound  when  re- 
ferrini;  to  the  ])hy>ieal  detinition  is 
what  inake>  sound  known  in  tiie  jtlivs- 
iolo^^ieal  detinition.  The  unn  sound 
alone,  without  (|ualitieations,  niav  have 
either  me.iniuj;,  and  therefore  state- 
ments concernin::  sound  may  be  mis- 
leading, unle>s  we  are  exact  in  explain- 
ing the  sense  in  which  the  word  is 
used. 

How  Fast  Does  Sound  Travel? 

When  a  --ound  i.>  made  close  to  us, 
it  reaches  our  e.irs  so  (|uickly  that  it 
seems  as  thfiujjh  it  took  no  ti:ne  to 
travel  :  hut  w  hen  a  ^un  is  tired  hy  a 
[lerson  at  a  distance,  you  will  notice 
that  after  you  >ee  the  lla>h  of  the  ^'un. 
a  little  time  ela;)ses  before  the  sound 
reaclle^  your  ear.  It  take^  a  little  time 
for  the  litjht  from  the  flash  to  .uet  to 
your  eye>,  hut  a  very  short  time,  which 
you  cannot  .iiipreciate.  ."<ound  travels 
nuich  more  -lowly  and  the  time  it  takes 
to  travel  a  few  hundred  y;irds  is  no- 
ticeable. .\ccurate  me.isuremcnts  of 
the  speed  of  sdunil  have  been  made,  .and 
it  ha-  been  found  tiiat  sound  u-ually 
travels  in  .lir  at  a  speed  of  about  eleven 
hundred  feet  a  -econd.  The  Sjjced  is 
not  alway-  the  same,  however,  for  a 
tium!)er  of  circumstances  may  cause  it 
to  varv.  In  air  which  is  heated,  tlie 
speed  at  which  sound  travels  in  it  is 
increased  because  hot  ;iir  ex|)ands.  .\t 
the  freeziui:  point,  smind  travels 
throu^di  the  air  at  the  rate  of  KO"!  feet 
a  second,  ,ind  for  every  increase  in  tem- 
perature of  one  decree  of  heat,  the 
>peed  is  incrci-ed  about  thirteen  inches 
a  .-ccond.  .\ccoi-<Iiii-l>  al  <>S,  F.  the 
speed  would  be  aj)proximateIy  1,1,^0 
feet  a  second.  Sounds  al-o  travel  faster 
in  moist  ;iir  tlirui  in  drv. 


In  other  gases  the  speed  of  sound 
tran'<mission  ma\  be  .ijreatcr  or  less  than 
in  .lir.  I'or  ex.ample.  in  liydro.i,'en  gas. 
which  i>  much  lighter  than  air.  sound 
travels  nearly  four  times  a-  fast  as  it 
iloes  in  air.  (  >n  the  other  hand,  in  car- 
bonic acid  gas,  which  is  heavier  than 
air,  sound  i-  tran-niitted  more  slowly 

In  li(|'iids.  which  are  always  heavier 
than  air,  \on  would  naturally  think  that 
sound  would  travel  more  slowK  than 
in  air,  but  this  i-  not  true.  I.iijuid-  are 
less  compressible  than  gases  and  hi- 
cause-  the  -jieed  with  which  sound  i- 
transmitted  in  them  to  I)e  iucre.iscd.  In 
water  sound  travels  about  four  times 
a-  fast  a-  it-    lir 

What  Are  the  Properties  of  Sound? 

.Sounds  dilTer  from  cacli  other  by  the 
extent  to  w  liich  they  juissess  three  (|Ual- 
ities,  namely  ;  iiileiisity,  i)itch  and  ipLil- 
ity. 

The  inten-ily  of  any  -oimd  that  wr 
hear  depends  ui>on  the  si/e  of  the  wave- 
that  reach  our  ear-.  The  size  of  ,i 
sound  wave  gr.idually  decreases,  as  the 
wave  trivel-  from  it-  starting  ])oint, 
conseiir.ently  the  intensity  of  a  sound 
ilepeuds  u]ion  the  di-tance  from  the 
[)oint  at  which  the  -ound  was  jiroduccd 
We  know  this  from  e\]ierience  and  ii 
we  think  of  t!ie  matter  for  a  moment 
we  will  .ee  why  it  is  -o.  .\t  the  st.ii  i 
of  a  sound  wave,  only  a  small  c|uaiitit\ 
of  air  is  affected,  but  for  every  incli 
it  tr.ivels  the  (|u.iiitity  of  air  to  which 
the  w.ive  is  conveved  becoiTies  larger, 
and  the  intensity  of  the  waves  must 
grow  correspondingly  siiiidler.  just  as 
when  a  pebble  is  dropped  into  water, 
the  ri|)i)les  produced  b\  it  are  higbe-t 
at  the  point  where  the  |)ebble  struck  'he 
water,  and  grows  lower  .and  lower  .1- 
tlieir  circle  w  idens. 

It  has  been  found  possible  '.o  meas- 
ure the  intensity  of  a  sound  wave,  at 
different  distances  from  the  i)oint  from 
which  it  starte<I.  and  from  these  meas- 
urements it  has  been  learned  that  the 
decrease  in  the  open  air,  follows  a  fixed 
rule  that  is  stated  thus;  the  intensity 
of  a  sound  wave  at  any  point  is  in- 
versely proiiortional  to  tli'e  square  of  its 
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ili^taiu'c  I'rom  its  starting  point.  1  his 
rule  is  called  "the  law  of  inverse 
-(jtiarc,"  and  it  means  that  if  the  inten- 
sity of  a  wave  l»e  measured  at  two 
1 1' lints,  distant  say  one  hundred,  and  two 
hundred  yards,  resjiectively,  frnm  the 
-tartinji  point  of  the  soinid,  the  intensity 
lit  the  sound  at  tlie  first  point  will  he 
foimd  to  he  four  times  as  great  as  at 
I'le  .-econd  i>oint. 

Why     Can     Yoii     Hear     More     Easily 
Tlirough  a  Speaking  Tube? 

We  have  seen  that  the  decrease  in 
intensity  of  a  sound  wave  as  it  travels 
t  iroiiph  the  air,  is  due  to  the  fact  that 
the  quantity  of  r.ir  set  in  motion  hy  it 
i-  con-tnntly  incrcasiiifj.  Kut.  if  a  wave 
:-  convcvcd  throuLrh  a  ttihe  cijutainine; 
:iir,  the  quantity  of  air  to  whicli  the  vi- 
1  nations  are  communicated  does  not  in- 
i  icase  as  the  wave  travels  forward,  and 
theoretically  there  is  no  decrease  in  in- 
tensity. \\  hen  a  wave  is  actually  trans- 
mitted in  this  way,  however,  it  is  fouml 
that  there  is  strtiie  decrease  in  inten>ity 
I'll  account  of  the  friction  of  the  par- 
:ic!es  of  air  atjainst  the  sides  of  the 
tuhe;  hut  the  decrease  fron)  thi>  cause 
I-  mu -h  slower  than  that  which  occurs 
in  the  open  air,  and  conse(|uently 
•ounds  can  he  heard  at  much  }jreatcr 
ili--t;inces  through  tuhes  than  tliroui;h 
;!!e  open  air.  Tuhes  for  si>cakint,'  pur- 
1  uses  are  fre(|uently  used  to  cutuiei-t 
ililTcrcnt  p.irts  of  the  same  huildim::, 
till  if  the  tuhes  arc  not  too  criK^ikcd  tliev 
M.Tve  tiieir  purpose  very  well. 

Pitch  is  that  properiy  of  sounds  that 
determines  whether  they  are  high  or 
I'lW.  The  ])itch  of  a  sound  depends 
ipon  the  luimher  of  vihrations  a  sec- 
md  which  the  body  that  produces  it 
;i;akes.  Tlie  sound  nf  an  explosion  has 
!'ii  pitch  because  it  mtikes  but  one  wave 
111  the  air.  The  ^ound  made  hv  a  wac:on 
mi  a  pavement  has  no  definite  iiitcli, 
t'or  it  is  a  mixture  of  sounds,  in  which 
tlie  number  of  vibrations  per  second  is 
t'cit  the  same.  Pitch  is  a  propertv  of 
.  intinuous  sounds  onlv,  and  it  is  .ip- 
parcnt  chiefly  in  musical  sounds,  hv 
uhiili  wc  mean  sounds  in  which  the  vi- 
brations   are   continuous    and   rci^ular. 


In  music,  however,  pitch  is  very  im- 
portant. In  a  musical  instrument,  the 
liarts  arc  so  arranged  that  the  sounds 
produced  can  he  >;iven  any  desired 
pitch,  and  it  is  hy  controlling  the  pitch 
that  the  i)leasing  etTect  of  musical 
sounds  in  large  measure  is  produceil 
.'sounds  of  low  ])itch  are  produced  by 
bodies  makini.;  but  a  few  vibrations  a 
second  while  high-iiitched  sounds  are 
made  by  bodies  that  vibrate  rapid'y. 
Quality,  may  Ix-  defined  .is  that  prop- 
erty of  sounds  -.vhich  enable  us  to  dis- 
tinj^uisli  the  notes  produced  by  differ- 
ent instruments.  Two  notes,  one  of 
which  is  produced  upon  a  inano,  and 
the  other  u[)on  a  violin,  may  have  the 
same  pitch  and  l>e  e(|ually  luud,  yet 
they  are  easily  distinguishable.  The 
ditTerence  in  them  is  due  to  the  presence 
of  v.'hat  arc  calleil  nvcrtoiies. 


What  Is  Meant  By  the  Length  of  Sound 
Waves  ? 

I  he  Icii^tii  of  a  ^Diiiiii  wave  eiti 
br.-.ces  the  distance  from  the  point  of 
greatest  compression  in  one  wave  to  the 
same  [wint  in  the  next.  This  depen'i^ 
upon  the  i)itch  for  if  a  sixmding  body 
is  making  one  hundred  vibrations  a  sec- 
ond, by  the  time  the  one  hundretltli  vi- 
br,iti<in  is  made,  the  wave  from  the  first 
vibration  will  have  travellerl  alx)ut 
eleven  hund'-ed  feet  from  the  starting 
point,  and  the  rctuaininij  ninety-eij^ht 
waves  will  lie  I)etween  the  first  and  the 
one  liundredtii.  In  consequence  of  thi<, 
the  wave  length  for  that  particu'ar 
sound  will  l)e  about  eleven  feet.  If  the 
sounding  body  had  made  eleven  hun- 
dred vibrations  a  second  by  the  tinic 
the  first  wave  had  travelled  cleveti  hun- 
dred feet,  there  would  have  been  elevcti 
hundred  waves  produced,  and  the  wave 
Itngth  for  that  sound  woud  be  one  foot. 
T!ie  wave  lengths  of  sounds  jiroduced 
by  the  human  voice  usually  lay  between 
one  and  eii;ht  feet,  though  some  singers 
have  produced  notes  having  waw 
lengths  as  great  as  eighteen  feet,  and 
others  have  reached  notes  so  hii:h  that 
the  wave  length  ■.va>  only  aliout  nine 
incl'.es. 
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WHAT  A   SOI  NDINO    HOARD   DOES 


\\  lU'ii  a  lulling  liiik  1^  ^inivk,  it 
pnnluccs  a  sound  so  I'aiut  tliat  it  can 
si-:iriH-ly  lie  lu-anl  unless  the  fork  is 
lu-iil  near  the  ear;  hut  if  tlie  end  of  the 
tiirk  is  hehl  on  a  hox  or  tahle,  the 
sound  rit.>;s  out  limdly  and  seems  to 
conie  from  the  tal)le.  The  explanation 
nf  this  i-  very  simple.  When  onI\  the 
fork  vihrates,  it  produces  very  small 
sound  waves,  Iwcause  its  |)run,L,'s  are 
small  aiiil  cut  tlironph  the  air.  I'ut 
when  it  is  set  on  :i  box  or  tahle.  its  vi- 
hrations  are  communicated  to  the  sup 
I>ort,  and  the  broader  surface  of  the 
hox  or  tahle  sets  a  larycr  mas-,  of  air 
in  vibration,  and  so  aiiiplities  the  sound 
of  the  fork.  \\  hen  a  surface  is  u-ed  in 
this  way  to  reintorce  the  vibrations  of 
a  small  body,  and  thus  produce  sound 
waves  fif  greater  volume,  it  is  called  a 
sounding.'-  Imard.  Many  mu-ical  instru- 
ments, like  the  violin  and  the  piano, 
owe  the  intensity  of  their  sounds  to 
sounding  boards,  which  reinforce  the 
vibrations  of  their  strings. 

C'ohmms  of  air,  like  sounding  boards, 
serve  to  reinforce  sound  waves.  L'n- 
like  sounding  boards,  however,  they  do 
not  respond  eipially  well  to  a  large 
mtmher  of  ditt'erent  sounds.  They  re- 
spond to  one  sound  only,  or  to  several 
widely  ditt'erent  ones.  This  may  be 
shown  as  I'ollows:  Take  a  glass  tube 
,ibout  sixteen  inches  long,  and  two 
inches  in  di.imcter.  and  after  thrusting 
one  end  of  it  into  a  vessel  of  water, 
hold  a  vibrating  tuning  fork  over  the 
other  end.  I'.y  gradually  lowering  the 
tul)e  into  the  water  a  point  will  be 
reachecl  at  which  the  sound  becomes 
very  loud,  and  as  this  point  is  passed 
the  souu<l  gra<lually  dies  away  ..gain. 
I'y  raising  the  tube  again  the  sound 
is  again  made  lou<l  when  the  tube 
reaches  a  certain  point.  This  ^hows 
that  to  reinforce  soimd  waves  of  a  cer- 
tain vibration  fref|uency.  the  column  of 
;iir  in  llic  tube  nnist  be  of  certain 
length. 

Let  us  now  see  why  the  wave-  pro- 
duce.' by  rlic  tuning  fork  are  reitif  tce.l 
only  by  a  column  of  air  of  a  certain 
length.  When  the  jirongs  of  the  fork 
make  a  vibration,  a  wave  of  air  is  jiro- 


duced  whicii  enter-  tiic  lulie.  goes  down 
to  the  water,  is  retlected,  and  comes 
bick  toward  tbc  fork.  Now,  if  the 
retiected  wave  reaches  the  fo'k  at  the 
precise  moment  when  it  has  com[)leted 
one-half  of  its  vibration  and  is  al)out 
to  begin  upon  the  second  half,  it  will 
strengthen  the  wave  produced  by  the 
second  half  of  the  vibration;  but  if  the 
retiected  wave  reaches  the  fork  k-fore 
or  after  the  begimiing  >f  the  second  half 
of  the  vibration,  it  will  not  reinforce  it. 
.\t  the  clownward  moviinent  of  the 
lower  prong  of  the  tuning  fork,  a  wave 
of  comjiression  is  sent  down  into  the 
tube,  and  is  retiected  at  the  surface  of 
the  water.  In  order  to  reinforce  the 
wave  (iroduced  by  the  prong  when  it 
moves  upward,  the  retiected  wave  must 
reach  the  fork  just  at  the  time  that  the 
prong  reaches  its  normal  position  and 
before  it  starts  upon  the  .second  half 
of  its  vibration. 

Not  only  do  columns  of  air  tend  to 
reinforce  notes  having  a  certain  rate 
of  vibration,  but  all  elastic  bodies  have 
a  certain  rate  at  which  they  tend  to  vi- 
brate, and  when  sounds  having  the 
same  rate  of  vibration  are  produced 
near  them,  the-e  bodies  will  vibrate  in 
sympathy  with  them.  If  the  sounds  he 
kept  up  long  enough,  the  sympathetic 
vibrations  in  objects  near  them  some- 
times become  so  great  that  thev  can 
easily  he  seen,  (ioblets  and  tumblers 
made  of  thin  ghss  show  this  property 
very  strikingly.  Wlien  the  proper  notes 
are  sounded  the  glasses  take  up  the  vi- 
bration<.  and  give  a  sound  of  the  same 
jiitch.  If  the  note  is  loud,  and  is  con- 
tinued for  some  time,  the  vibrations  of 
a  glass  sometimes  become  so  great  that 
the  glass  breaks.  Large  buildings,  and 
bridges  also,  have  rates  at  which  they 
tend  to  vibrate,  and  this  fact  is  the 
foundation  for  the  old  saying,  that  a 
man  may  fiddle  a  bridge  down,  if  he 
tlddlcs  long  enough. 

Miisiral    InstTiimpnt?: 

Ry  musical  sfiunds,  arc  nie;mt  -ounds 
that  are  jileasant  to  liear,  and  their  com- 
'-ination  in  snch  a  wav  that  their  effect 
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i<  aj^rcc.ible  prorluccs  tmisic.  Any  iii- 
-intiiiiiit.  tluTffiirc,  that  is  c,ni)al>lc  of 
prodiiciiiK  i)leasinj;  sounds  may  be 
'■■illcd  a  mii>ical  iiiHtriimcnt.  and  nni-ic 
i-;  s()tm-tinu'->  produced  by  very  odd  dc- 
V  iocs :  l)iit  by  musical  instruments  we 
'irdinarily  mean  instruments  that  are 
'  ^IH'i'ially  de>it;ned  to  produce  nuisicaJ 
-'>uii<|s.  The  numljiT  of  such  iiistrn- 
iiant-  that  have  f)een  invented  is  cnor- 
nioMs,  but  all  of  tlieni  may  be  divided 
into  comparatively  lew  classes.  oiiK 
luii  (if  which  are  of  much  im])ortance. 
I  he  two  dasNvs,  only  two  of  which  are 
"t"  iinuii  inijKirtance.  The  two  classes 
'cferred  to  are  string-ed  instruments 
md  wind  instruments. 

Strintied  mti-ical  instruments  are 
I  hose  in  which  the  sounds  are  produced 
I'V  the  vibration  of  a  niinil>er  of  »triiii,'s. 
.ml  arc  L;eneral!y  reinforced  by  a 
■oimdinj^  board.  The  striiifjs  .ire'  ar- 
'  an^cil  in  the  instruments  in  such  a  wav 
iliat  the  pitch  of  the  snimd  produced  by 
'  ich  -trintj  shall  bear  relation  to  the 
;  itch  of  those  obtained  from  the  other 
-triuirs.  As  louij  as  this  relation  ex- 
ists, the  instrument  is  said  to  be  in  tune 
.nd  when  the  relation  is  destroyed,  the 
iiistriiiuent  is  out  of  tune,  and  the  nnisic 
[rodiiceil  by  it  is  apt  to  ronlain  what 
A  c  c.'dl  discords. 

The  conditions  that  dcternii'U'  the 
iiich  of  sounds  produced  by  strings  cm 
lie  very  easily  discovered  bv  exjieri 
■iient.  Thus.  Iiy  takiu'j  two  ])ieces  of 
I'lc  same  wire,  one  twice  as  lonjj  .-is  the 
•I her.  and  stretchi.itr  them  e(|Mally,  vou 
>\ill  observe  on  strikinir  them  th.'it  the 
-liorter  one  \ields  the  hi  :her  note.  If 
their  vibr.ition  frequencies  arc  meas- 
ured it  will  be  fmmd  that  the  shorter 
^trin(j  has  a  vibration  frequency  just 
twice  as  sfreat  as  that  of  the  iongfer 
-trintr-  From  this  we  conclude  that 
■'hen  two  strings  <if  the  same  size  (and 
•nateri.-il)  are  stretclicd  ciuallv  taut, 
tlieir  vihratif)n  frequencies  are  inversely 
|rnportion;d  to  their  lentrths. 

Hy  now  takinj-  two  nieces  of  wire, 
lit  the  sime  size  and  lenfjtb,  and  stretcli- 
Iv.ix  them  so  'hat  the  tension  of  one  is 
(■our  times  as  ^reat  as  that  of  the  other, 
we    shall    find   that    the   vibration    fre- 


quency of  the  tighter  string  is  just  twice 
as  great  as  that  of  the  looser.  Thus, 
we  sec  that  the  vibration  frequency  de- 
pends upon  the  tension  ajiplied  to  a 
.string,  and.  that  in  strinijs  of  the  same 
size  and  leni:th,  the  vibrat'on  frequen- 
cies are  ])roportional  to  the  square  roots 
"f  their  tensions. 

.\ow  taking  two  strings  of  the  same 
len';th,  hut  with  the  diameter  of  one 
twice  as  ),'reat  as  that  of  the  other,  and 
stretching  them  e(|ually,  we  shall  find 
that  the  vibration  frequcncv  of  the 
smaller  string  is  twice  th.-it  of  the 
larger:  which  shows  that  when  the 
lengths  and  tensions  of  two  strings  are 
equal,  their  vibration  fre(|uencies  are 
inversely  proportional  to  their  diam- 
eters. 

In  constructing  stringed  instruments, 
advantage  is  taken  of  e  ich  of  these  con- 
ditions that  attect  the  vibration  of 
strings,  and  the  requisite  pitch  is  se 
cured  in  a  string  by  choosing  one  oi 
convenient  length  and  di.uneler.  and  bv 
stretching  it  to  just  the  right  tension. 

When  a  string  is  i)luckeil  in  the 
middle,  it  vibrates  as  a  whole,  and  it- 
r;ite  of  vibration,  or  vibration  fre(|ueiicv. 
Is  determined  by  the  three  conditioti> 
that  have  just  I  n  discussed:  but  if  a 
t'mi^'cr  is  laid  on  the  string,  in  the 
middle,  .and  the  string  is  plucked  be 
tween  the  middle  and  the  end,  the  -trinj 
will  vibr;ite  in  h;dves,  and  the  middle 
point  will  remain  at  rest.  If  tlie  string 
iad  been  touched  at  a  point  one-fourth 
of  the  length  from  the  end  it  would 
have  vibrated  in  fourths,  and  there 
would  have  been  three  stationarv  poiius. 
When  vibrations  are  set  up  in  a 
■fring.  with  nothing  to  j)revent  the  free 
vibration  of  the  whole  string,  it  first 
vibrates  as  :i  whole,  rmd  the  sound  i)ro- 
durcd  is  known  as  the  fundaineiUal 
tone  of  the  string :  but  very  soon  ^uialler 
vibrations  of  segments  of  the  striny  be- 
p'n.  first  of  halves  of  the  string,  then 
of  thirds,  and  then  of  fourths.  These 
smaller  vihr.Tfinns  "riM'uce  sound  ',v.tvp<: 
that  blend  with  the  fundamental  tone 
and  are  known  as  overtones.  The  com- 
bined sound  of  the  fundamental  tone 
and  the  overtones  is  called  a  note.    The 
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overtones  present  in  notes  that  have  the 
same  tttndamental  tono  are  not  the 
same  when  the  notes  are  proilnced  by 
(litTerent  in-trunients.  and,  con»e<|Ucnt- 
ly,  the  soniitl  of  notes  «>f  the  same  pitch 
is  not  the  siine  on  (litTerent  inrfuiiients. 
I'hi^  (hUerenee  in  notes  of  the  same 
pitch  lias  alreailv  been  mentioned,  but 
the  way  in  which  overtones  ;ire  pro- 
duced was  not  explained  in  connection 
with  it. 

In  wind  instruments  the  sounds  are 
produced  by  tlie  vibrations  of  columns 
f>f  air  in  pipe*.  In  the  organ,  which 
is  proKably  the  best  example  of  a  wind 
instrument,  the  vibrations  are  usually 
protluced  by  causing:  a  current  of  air  to 
strike  a  sbarp  ed).;e,  just  alK)ve  the  open- 
ing; of  the  pil>e,  as  is  done  in  a  common 
whistle.  .\  i«irtion  of  the  air  current 
is  detk'cted  into  the  <)ri,Mn  pijie,  and 
it  sets  up  vibrations  in  the  air  within 
the  pipe. 

The  i)itch  of  the  "-ound  itroduceil  b\ 
an  (iririn  pijie  is  dete'inined  by  the 
length  of  the  ]>i]w.  .\  pi|>e  that  is  open 
at  both  ends,  called  an  o|)en  pijie.  pro- 
duces a  sound  that  has  a  wave  length 
twice  as  preat  as  the  length  of  tlie 
pipe;  and  if  the  pipe  is  open  at  one  end 
only,  a  dosed  pipe,  the  sound  produced 
has  a  wave  leiifjth  twice  the  length  of 
the  open  iiijie.  Hence  it  will  Ik-  seen 
that  a  closed  pipe  produces  a  sound  that 
has  the  same  piti-h  as  that  produced 
by  an  open  pipe  that  is  twice  as  long. 

Talking  Machines. 

The  plionogr.iph,  graphophonc,  gram- 
o|)hone,  sonoi)hone,  and  other  talking 
machines,  furnish  one  of  the  best  proofs 
of  the  wave  theory  of  sound,  because 
the'r  invention  was  based  upon  that 
theory.  The  first  talking  nnchitie  was 
that  inventcfl  by  Thon.as  A.  I-'dison  -md 
called  by  him  the  phonograph.  The 
others  merely  show  the  jirinciple  of  the 
phi)nograj)h  aj>plied  in  ditTercnt  wavs, 
and  need  not  be  separatelv  descril)ed. 
The  reasoning  tint  led  Ivlison  to  in- 
vent the  phonograph  was  that  if  the 
sound  waves  produced  by  the  human 
voice   were   allowed   to   strike   a    t!iick 


disk  of  hard  rubber  or  metal,  they 
woulil  cause  the  disk  to  vibr.itc  in  a 
certain  way,  and  if  the  disk  were  ag:iin 
made  to  vibrate  as  it  had  ilotie  under 
the  intluence  of  the  voice,  the  sounds 
of  the  voice  would  be  reproiluced.  The 
ilitVuiilt  i>art  of  the  task  of  making  a 
talking  machine  wTis  in  finding  a  way 
to  make  the  disk  vibrate  .ag.iin  as  it 
did  under  the  iiillneiice  of  the  voice 
This,  however,  w.i*  finally  accrmn- 
plished,  |)roviding  the  disk  witli  a 
needle,  that  rests  on  a  cylinder  of  h.ird 
wax,  which  turns  slowly  nn<ler  the 
|K)int  of  the  needle  while  the  suund 
wave  are  striking  the  disk.  The  vi- 
brations of  the  <lisk  cause  the  point  to 
indent  the  surface  of  the  wa.x  so  as 
to  produce  a  groove  of  varying  de|)th 
on  its  surf.tce.  .\fter  the  viiirations  of 
the  sjieaker's  voice  have  been  recorde<l 
in  this  way  on  the  surface  of  tiie  wax 
cylinder  the  needle  can  be  ma<le  to  re- 
trace its  inth,  and  will  cause  the  disk 
to  vibrate  as  it  did  under  the  tones  of 
the  s[)eaker's  voice.  The-^e  last  vibra- 
tions of  the  disk  produce  sound  waves 
similar  to  those  of  the  voice,  but  their 
amplitude  is  less  and  the  sound  is  not 
so  Inud. 

Why  Does  Red  Make  c  ?lull  Angry  1 

It  IS  M-ry  (Lmliiiul  ii  a  red  tiag  really 
makes  a  hull  more  exited  or  more  quick- 
ly than  a  rag  of  any  other  color  or 
any  other  object  which  the  bull  can  see 
Iilaiuly  but  does  not  iinilerstand.  Con- 
ceding for  the  moment  that  red  excite-; 
a  hull  more  than  any  other  color,  the 
.inswer  to  the  qtestion  will  he  found  in 
the  statement  that  anything  unusual 
which  the  bull  sees  has  a  tendency  to 
make  him  angry  and  the  thing  which 
he  can  see  at  a  distance  more  quickly 
will  start  him  going  most  qnicklv.  He 
can  see  a  red  rag  better  perhaps  th.in 
almost  any  other  color.  There  mav  be 
■something  about  the  cf)l"r  which  excites 
him  just  as  some  notes  on  the  piano 
will  worry  «ome  dogs,  but  there  ;<  no 
way  of  sttidving  the  hull'^  anatomv  to 
deternime  why  red  shouM  excite  him 
more  than  any  other  color,  if  that  is  so. 
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What     Happens     When     the     Kiiol)     ih 
Turned  ' 

All  o(  that  ^irlinn  oi  thr  l«ck  which  it  ihown 
abuvc  thr  rouml  crntral  |h.«ii  i»  ••[NrratrtI  by  the 
knob.  Ih«^  ipintllr  nf  whith  pA«»r*  through  the 
•.*l.iarr    li,.Ir.       Il.-fort-    ihr    kn..li    %t    lurrn-.j.    Ihr    |>iirt4 


.irr    til    thr     |><>«iti<iii    ^tu.un 
l.itrh     holt     itfitriiiltiiK.         I  iir 
'(■it      K>v»-»     thr      l"*iti"ti      *li 
uplirr     Irvrr      in     thf     \^^^\,     \. 
whn.h    in    turn    |■■■'■ 
the    h4ii<l    ii»    rrit 
til  rrturn  t"  the   i 


iiig    the    knob    t>> 
tinit,     a«     «h<)wn 


in     i>| 


tn 


Mith  the 
b  to  the 
i.  the 
the  yoke. 
1.  When 
the  jjMrtft 
-■.  Turn- 
>.i.i:.  the  latch 
nirant    of     the 


_     htf'iri 
liiwrr    lever    *>n    the    hub, 

Thr  ^iMTrtl  KtinitK  "n  the  latth  bolt  in  tiithter 
thnti  the  nnr  above  it.  Thi"*  (tuc4  an  eaiv.  hvly 
actiun  tn  the  bnlt.  wii,,  very  hitle  Iru-ti.in  vhen 
the  (liMir  id  clofte<l,  white  the  heavier  KiirniR  jii»n.r 
ffiveR   a    f)iiick    atxl    iM>«iti\e    action    of    the    kn- ! 


What     Happens     When     the     Key     is 
Turned  I 

All  nf  that  portion  of  the  Inck  which  is  «hown 
bcliiw  the  rmind  central  ^>%t  i*  oitcrateil  by  the 
key.  Ihe  <u|imre  html  \*  aitui  ht-ii  tti  the  holt. 
iiiKi  ill  itKure  i,  it  i«.  icen  thai  the  ^Toiectiotis  on 
the  tiai  tumbUrH  [irrvtiit  the  Mu<|  from  movinn 
foruanl.  liol'liiiK  the  Imlt  in  rrtrai;te>l  (losition. 
When  Ihe  key  i<  turned  a^  »h'>v*ii  i'l  nmire  j.  it 
raiws  the  tu miliars  ril(-a<^inK  tlu-  html,  amt  'hen 
|m»he!*  the  bolt  out,  tin-  tumbler-.  fdlliMK  into 
Ii.i«iitinn  a«  nhowii  in  tigurr  j  with  the  proirctionv 
aKain  rnRaRinK  the  Mini  ami  prrvrntiiiR  the  hi'lt 
(ri.nt  ni..\inK  until  the  key  i»  tiirned  backward, 
aKiiin  raiMMK  the  tumblers  and  relcaiing  and  re* 
Ir.titiMK    the    belt. 


How  Key  Changes  Are  Provided. 

li:v.V      ^U-       ti;rf(        ■...,;.■,      ;; ;.      „._..      .lie      llli.k- 

ni'liVMludl      to      llir      loL-k^i      they      tit. 

J.  Hy  changing  the  shajte  nf  the  keyhole.  This 
may  U-  .l-'iic  shi-rtcr  .ir  l-'iiaer.  wide  or  narrow, 
-■traitiht  or  (a{>t*ring  and  with  projection*  on  the 
~ides  which  the  key  must  lit.  niaktng  tt  difKcuU  or 
impossible  for  keys  of  a  ditlert-nt  class  to  enter 
the  lock.  In  the  lock  shoun.  a  i>roirctinn  nn  the 
ke>liole  wilt  be  noteil,  titlniK  a  groove  in  the  bit 
of    the    key. 

/'.  Ily  wards  attached  tr>  the  lock-case.  The  two 
crescem-!.hat«d  uar-N  seen  nt-ar  the  key  in  tigure 
^  illustrate  this  Icaturt-.  Stmiiar  w.ir.U  are  placed 
on  the  lock  cover.  These  lit  int »  the  two  notches 
shown  on  the  key  bit  in  I'lKnrr  4.  an>l  their  shape 
niid    position    are    varinl    at    will. 

.-.  I(y  changes  in  the  tumblers.  There  are  five 
flat  tumblers  in  the  .ock  shown,  and  their  lower 
e.lKCS  lit  into  the  end  of  the  kev  bit.  Ily  varying 
their  height,  changes  in  the  cutting  of  the  key 
are    made    necessary. 

The  security  at  a  lock  depends  vcrv  largely 
upon  its  being  «o  made  that  no  key  will  o->crat« 
It  except  tlie  one  which  belongs  to  it.  ana  this 
is  obtained  by  guarding  the  kevhnle  by  means  of  a. 
by  preve.iiing  the  wrong  key  from  turning  by 
means  of  h,  and  by  still  further  limitations  by 
means   of  c. 


FIGURE    I.      ''ASTS  OF  CVLIN'PFR   LOCK. 


lACE    OK    CVLINDLR    LOCK. 


The  Cylinder  Lock. 

Door  locks  of  the  hif^hrst  jrrade  of  MCitHty  ".-'•  rr.ide  with 
a  IccririK  cylintlcr.  wincn  cntains  t«..)b.--i"  '■  thr  for:;",  tf 
miniature  Imlts  which  make  it  impossible  to  npcraic  the  ioi  k 
except  with  the  key  to  which  it  i»  tittrd.  This  is  scrcwcii  into 
the  lock-case  thrcuRh  the  side  of  the  «i'-'>r,  with  the  Itver 
on  the  inner  end  engaumK  the  end  of  the  bolt  in  the  lock, 
so  that  as  it  is  moved  it  cither  retracts  or  "throw i*  the 
hi 'It    as   desired. 

Figure  i  shows  all  the  parts  of  a  modern  maste*  V;  ved 
lock.  Figure  4  shows  a  broken  view  of  the  cyhiuicr  .;ilh 
att  pans  in  position.  Fif^urc  3  sho-.vs  a  simpler  i.t* 
iiscil  when  the  master  key  is  not  desired  Finite  .-•  "•}'.-•■  ? 
the  front,  the  only  part  which  is  visible  wbcn  the  !-jck 
is  in  u«^e,  with  its  key  way  of  tortuous  shape  wttth  will 
not   admit   flat-picking   tools. 

When  the  lock  is  assembled,  the  pin  tur.ibicrs  pri.ect 
tlirough  the  shell,  the  master  cyhnder  and  th"  key  u' ig 
liidding  all  parts  firmly  b-dted  or  fastened  t.>gt!i:v  \*.  ...n 
the  proper  key  is  inserted,  the  tnrddcrs  are  r:»T.»e'j  until 
the     breaks"  in  all  of  them  cninctde  with  the  surface    >f  thi 


kc  •    plug,    rel'-rming    it    and    permitting    the    key   to   ti- 
the   five    tumnlers 


the 

If  ,  ny  one  1  i  the  five  tumblers  is  .0*1  j  huh  too  high  or 
too  low,  the  ';ey  will  not  turn;  so  that  no  key  except 
the   one   made   for  the   lock  can   he  used. 

!n  the  master-keyed  h  •k,  the  master  key  rr^uws  the 
breaks  to  c-'incidc  with  the  outer  surface  nf  t  ■  ■  master 
ring.  It  is  thus  iwissibic  to  have  a  master  key  vWuh  will 
fit  any  desired  number  of  locks  with  the  individual  nr 
change  keys  all  different  from  each  other  and  from  the 
master   key. 

The  halls  reduce  friction  to  surh  an  extent  that  a  Vrv 
has  been  inserted  and  withdrawn  for  a  noTun  times  with- 
out atTecting  the  accuracy  of  the   lock. 


FlCrRE 
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Wlicrc  Does  Salt  Coine  From? 

Salt  is  one  of  the  Illinois  with  which 
\vc  ci'inc  in  fnin.ict  wiiii  ii.ii!>  iicrh.iji^ 
mure  than  any  ulhir.  \\  iih  liic  excep- 
tion of  water,  [jrobahly  no  cuie  iliini; 
is  n>eil  more  hy  all  civilized  penple  than 
salt. 

^'|ltl  have  ahea(l\  learneil  in  "ur  talk 
on  elements  the  dilYerence  hetweeii  a 
mere  mixture  of  snl)>t.inces  and  a  chem- 
ical coni|)onn<l.  \'on  reinemhcr  that 
uheii  some  siihstances  ari'  unlv  mixed 
toLtetiier,  they  do  nut  lose  their  identity. 
In  a  eomiMiun  1  the  siihstance-  are  al- 
ways ciimliined  in  lixcd  iiniportions  anil 
tile  |ir(>])erlies  ■  .f  the  cnmponnd  .ire  iitten 
very  different  fniin  those  of  the  tiling-; 
that  make  it.  C'nmmon  >.ili  is  made  nf 
two  snl^tances.  that  .ire  not  at  all  like 
^alt.  and  are  very  dift'ercnt  from  eacli 
other.  (  >no.  si'dium,  is  ;i  snft,  hlui-h 
metal,  .-mil  the  other  is  chlorine,  a  yel- 
low i^h-j;reen  tjas.  The  cheniic.il  n.imc 
for  s;ih  is  •^odinm  wlii'di  is  derived 
from  the  two  names  -odmm  and  chlnr- 
ine. 

.^odinni  .-ind  clilurine  are  hotli  wh.it 
we  have  le.irned  to  call  element ■;.  An 
element  heintr  a  stiiist.ince  which  c.in- 
not  he  separated  into  snhstances  of  dif- 
ferent kimls.  There  ;ire  now  known 
alviiit  seveinv  s\ich  elemetits.  .Ml  the 
■•nhstances  arinmd  n^  are  composed  of 
these  elements  alonij.  or  chemic.illy 
nnited  in  differint  ciim|iiinnds.  cr 
simply  mixed  tojjether.  .Must  nf  them, 
however,  ,ire  mixtnres.  not  of  separate 
elements,  hnt  of  compounds.  The  soil 
nnder  .mr  t'eet  is  a  mixture  of  com- 
]>omids.  W.iter  is  also  a  comiioimd, 
I'nre  cnmponnds  very  rareh  occnr 
nalur.alh .  Salt  is  sometimes  found  al- 
most pure:  hut  <ien«'r;il1y  is  mixed  with 
so  manv  other  thin;,,  that  we  have  to 
t.ake  them  out  to  gfet  ahsolutely  pure 
salt.  For  practical  every-day  use  it  is 
unnecessary  to  purify  the  salt. 

Salt  is  found  in  iarije  (inantitics  in 
the  sea  water,  iii  which  it  is  dissolved 
with  >ome  other  snhstances.  It  is  also 
fotmd  in  salt  beds,  formed  by  the  dry- 
ing up  of  old  lakes  that  have  no  out- 
lets :  salt  wells,  that  yield  strnni;  brine : 


and  salt  mines,  in  uhich  it  is  lound 
in  hard,  solid,  transparent  crystals, 
called  rock  salt.  Rock  salt  is  the  jnirest 
form  in  which  salt  is  found  and,  to 
[)rcpare  it  for  market,  it  is  merely  neces- 
sary to  i;rind  it  or  cut  into  blocks.  The 
j^re.itest  depo>it  of  salt  in  the  world  is 
probahly  that  ,it  W  ielizka  in  Poland, 
where  tiiere  is  a  hed  .^IH)  miles  lony;,  JJ 
miles  wide,  and  1.3H)  feet  thick.  Some 
'1  the  mines  there  are  ,-o  extensive  that 
it  is  s.-iiil  some  of  the  miners  spend 
all  their  lives  in  them,  never  comin.i; 
to  the  -iirface  of  the  earth. 

A  trip  ihrnui;h  these  mines  is  interest- 
ini^.  in  one  of  them  can  he  seen  a 
church  made  eiUirely  of  s.alt.  The  salt 
supply  of  the  I'nited  States  is  obtained 
chietly  from  the  s.dt  wells  of  .Michii;an 
;ind  Xew  \ork.  the  Creat  Salt  Lake  in 
rtah,  and  the  r.)ck-salt  mines  of  I.ouisi- 
,ina  ,'md  Kaiis.as. 

in  the  arts  anil  manufactures,  the 
most  im])ortant  uses  of  salt  are  in  f,'laz- 
\n\:  earthenware,  in  extracting  metals 
from  their  ores,  in  preserving  meats 
and  hides,  in  fertilizing  arid  soil,  and 
also,  as  we  sh.'ill  presently  see.  in  the 
maiuifactnre  of  soda.  ()i  equal  import- 
ance, perhajis,  is  its  use  in  food.  Most 
jieople  think  it  not  only  lends  a  pleas- 
ant tlavor.  but  is  itself  an  important  ar- 
ticle of  diet.  It  is  certain,  that  all 
)H'o|)le  who  cm  obtain  it  use  salt  in  their 
food.  ;md  where  it  is  scarce,  it  is  con- 
sidered one  ■■{  the  i^reatest  of  luxuries. 

Soda  is  (it  interest  to  ns,  not  so  much 
on  account  of  its  use  in  our  households, 
as  because  it  plays  on  extremely  impor- 
tant part  in  two  industries  that  contri- 
bute i;reatly  to  our  comfort,  viz.,  the 
m.inufactnre  of  ijlass  and   soap. 

Sod.i  is  not  found  naturally  in  irreat 
abundance,  as  salt  is.  but  is  sjenerally 
made  from  other  snbst.inccs.  I'ormerly 
it  was  made  almost  entirely  from  the 
ashes  of  certain  plants.  One.  known  as 
the  Salsoda  soda-plaiU,  was  formerly 
cidtivated  in  Spain  for  the  soda  con- 
tained in  it,  and  the  ashes,  or  Barilla, 
as  tiie\  were  called,  were  soaked  iti 
water  to  dissolve  nut  the  soda.  Xow, 
however,  the  world's  soda  supply  is  pro- 
,1..  ,,,,1   ,-_  ,,,,  ,.p„.„„,rin  c;dt  bv  two  pror- 


WHIRL   \\i;   01  T   SODA 


c.-m;>,  kiiuvvn   iiom   llit   iianio  uf  llicir 
iiivciituis   as   tile    Li.l)lanc   and    Sol    i\ 

|lr0CC^S^.■^. 

In  the  Lchlaiic  proccs-;  the  first  stej) 
is  to  treat  tlie  >alt,  or  MKliiiiii  ciiloridc. 
wiili  siil])htirii-  acid.  As  a  result  of  this, 
a  oiiii|i. mild  of  snditiiii.  Mil|iimr.  and 
"Ny.yen,  i-alled  sudiinn  suliiliate  is 
furnied.  toyetlicr  witii  another  acid 
containini;  livdroi^eii  and  chl  Tine,  and 
called  hydrochloric  acid.  This  acid  is 
driven  otV  hy  builiny.  anil  the  sodiiiin 
.-iili>liale  i>  left. 

1  he  next  ste|)  in  the  proces-  is  tu  con- 
vert    the    xidinni     .sulphate,    or    "salt 
cake."  into  >oda,  or,  to  i^ive  it  its  chem- 
ical   name,    xidiuni    carhonatc.       Tlii.s 
chanj^e  is  hror.  ■'.  ahonl  hy  niixinj;  the 
-alt  cake  with   limestone  and  coal  and 
heatini;-  llie  niistnre.   jnsi  uli.u  ch.-ini;e- 
,i,'ooii  when  this  is  done,  arc  not  known. 
hut  the  chief  ones  are  prohahlv  the  fol- 
low itii,'^:  the  coal,  which  consists  for  the 
most  part  of  an  element  called  carhoii, 
takes  the  oxygen  out  of  the  sodium  sul- 
phate, .ind  unites  with  it  to  form  car- 
bonic ;icid  gas,  leaving  a  compound  of 
sodium  a!id  snljihiir  called  sodium  mi1- 
phide :  this  acts  on  the  limestone,  which 
is   comjiosed    of   a    metal,    calcium,    in 
cnnihinatioii   with   carbon  and   oxvgcn. 
and  causes  tlu-  sulphur  in  the  sodium 
Milpiiide  to  combine  with  the  calcimn. 
forming    calcium    snl],hide,    while    the 
sodium  combines  with  tiie  carbon  an<l 
o.xygen    and    forms    the    desire!    com- 
pound,   sodium    carbonate.      .After    the 
heating,  the  resulting  mass  which  con- 
tains calcium   snljihide,  .sodium  c.irbo- 
tiate,  and  some  unhurncd  coal,  and  is 
known  as  "black  ash,"  is  broken  u]i  and 
treated  with  water.  This  dissolves  the 
sodium  carbonate,  leaving  the  rest  un- 
dissolved, and  when  part  of  the  water  is 
evaporated   crystals  containing  sodium 
rarhoiiate  and  water  arc   formed.     By 
heating  these  the  w;.ter  may  be  driven 
off.  and  the  sodium  carbonate  left  be- 
hind as  a  white  powder. 

The  Solvay,  or  ammonia  soda,  proc- 
ess consists  in  forcing  carbonic  acid 
gas  through  strong  brine,  to  which  a 
considerable  quantity  of  ammonia  has 
been  added     When  this  is  done,  crvs- 


tal>  are  loruieil  in  i,n.  miuk.  wnicli  are 
composed  of  a  compnuml  of  hvdrogen. 
sodium,  carb.in.  and  oxygen.  'an<i  are 
c.illeil  -odinni  bicarbonate.  This  sub- 
.-lance.  which  i>  the  >o,l,i  we  sometimes 
n-e  in  baking  bread,  i-  de.-onip.ised  l)\ 
heating,  into  water  and  .sodium  carbo- 
n.-ite.  the  sod.i  u.-ed   fur  wa.-liin-. 

I  !ie  Lehlanc  pn  .ce-  wa>  fornierh 
used  almost  .iltogether  for  inakint; 
siiila;  but  in  recent  years  the  .Sulv.u 
|irocess  has  come  into  extensive  use. 
and  It  is  said  tli.it  now  more  than  half 
the  sod,',  of  the  world  is  made  in  this 
w.i\-. 


Where  Dn  All  the  Little  Round  Sf    is 
Come  From? 

I  he  little  rouml  stones  vou  arc  think- 
ing of  arc  really  jiebbles  which  have 
been  worn  siiiooih  ,iii,l  round  bv  being 
rubbed  against  each  other  in  the  water, 
through  the  actiun  of  the  waves  on  a 
be.ich,  or  the  running  water  of  brooks 
and  streams.  Tjiis  sort  of  rock  is  called 
a  water-formed  rock.  Some  of  them 
iiave  travelleil  many  miles  before  tiicy 
are  found  side  by  side  on  the  shore  or 
in  a  large  m;i-s  of  what  we  would  call 
conglomerate  rock.  lint  whenever  you 
see  a  round  smooth  rock  or  pebble  you 
may  be  f|uite  sure  that  it  was  made 
round  and  smooth  liv  the  action  of 
water. 

^  on  siMiieiimes  see  large  p'cks  made 
of  small_  stones  of  varifius  colors  and 
sizes.  'S'nn  can  often  thid  a  large  rock 
of  this  kind  standing  bv  itself.  '  If  vou 
examine  it  carefully,  you  will  find  it 
consists  of  an  immense  number  of  small 
stones  of  difi'erent  sizes  atnl  of  a  vari- 
ety of  colors,  all  fastened  together  as 
thouch  with  cement.  This  kind  or  rock 
IS  called  conglomerate.  We  know  two 
kinds  of  conglomerate  rock,  one,  f|uite 
comtuon,  in  which  the  little  stone?  arc 
round  and  smooth,  and  another,  not 
seen  so  often,  in  which  the  stone's  are 
sharp.  The  latter  sort  is  SMUict-mes 
called  breccia,  to  distincnish  it  from  the 
former,  which  is  called  true  puddine 
stone,  *' 


WHAT    THII   CAlSli   OF    SHAlHmS    IS 


What  Is  Clay] 

C  lay  i-  '.lie  rc>iilt  nf  tl'.e  cniiiihlini,'  <'i 
a  ciTtaiii  kind  of  rocks  called  {el(ls])ars. 
When  feldspar  is  exposed  to  the  action 
(if  the  weather,  it  crutnl)les  slowly  at  the 
surface  and  the  little   fra};inents  ci...i- 
hiiie   willi   a  certain  anionnt  of  water, 
forniin-  elay.  I'ure  clay  is  while  and  is 
u>cd  in  ihe  niatnifactnre  of  china  and 
jiurcelain.     'Hh-  common  clay  that   we 
usuallv  think  of  wlicn  we  think  of  clay, 
is    sienerally    \elliiwish,   hut    there    are 
manv  dilferent  colored  clavs.     Most  of 
these  colors,  particularly  those  of  red 
clay,  yellow  clay  and  hlue  clay,  come 
from  tile   iron  which  is  present  in  the 
clav.     Clay  which  contains  iron  is  use- 
ful for  niakini;  bricks.    I'.ricks  are  made 
from  clav  hv  tir-t  <ofteniiitl-  the  clay  aivl 
pre-->iii,![,'  it  in  molds,  the  size  of  a  brick. 
\\  hen  drieil  for  a  time  in  the  sun  they 
are  put  into  an  oven  and  h.aked  in  s;reat 
heat   and  they  hecomc  quite   hard  and 
i^enerallv  red.     Most  of  the  day  from 
which  bricks  are  made  turns  red  when 
bake.l.  whether  blue,  yellow  or  red.  be- 
cause the  iron  which  is  in  the  clay  i- 
penerally  turned  red  when  subjected  to 
heat. 

For  makintr  porcelains  it  is  desirable 
to  use  the  kinds  of  clay  which  cont;,in 
nothincr  that  melts  when  heated  to  a 
hii^h  dei^ree.  Clays  which  conl.iin  sub- 
stances which  melt  in  stron;.,'  lieat  are, 
therefore,  not  Rood  for  makiiv.^  por- 
celains. There  is  a  pure  wliite  clay 
called  Kaolin  whicli  is  very  exi  Uent 
for  this  purpose.  Cl.iy  out  of  which 
we  make  th-el)rick  for  linint,'  stoves  and 
llreplaces  is  free  from  substances  which 
melt.  Several  kinds  of  clay  are  good 
for  makintr  paints. 

Where  Do  School  Slates  Come  From? 

Sl.itcs  siicii  as  are  used  in  school  and 
as  roofing  material  are  formed  of  clay, 
which  has  been  hardened  under  pres- 
sure and  iicat.  When  tiiis  occurs  it  does 
so  because  a  number  of  layers  of  clay. 
one  on  top  of  the  other,  have  at  some- 


tinie  lieeii  Mibjc^cl  lo  ^rc.il  heat  and 
pressure  within  the  earth  witli  tiie  re- 
sult that  the  clay  is  jiressed  into  very 
tiiick  layers  and  changed  in  color  by  the 
heat  and  becomes  iiard.  There  arc 
many  kinds  of  slate.  Some  ()f  the 
slate',  as  found  in  slate  mine~,  is  used 
to  make  roofs  over  buildin;.;s  and  for 
tiii>  purpose  they  are  cut  to  shajies  very 
inucii  like  wooden  shingles.  They  are 
e.i-ily  broken,  however,  as  slate  is  ver\ 
brittle. 

Slate  is  u-e<l  in  ni.iny  other  ways  be- 
sides for  roofs  and  school  slates.  Some- 
times it  is  made  into  >late  pencils  but, 
since  paper  has  become  so  cheap,  com- 
paratively few  slate  i)encils  are  Used 
in  the  school  room  today. 

What  Causes  Shadows? 

Wliere  anything  through  which  rays 
of  light  cannot  pass  intercepts  the  light 
rays  coming  from  a  luminous  body,  the 
light  rays  are  turned  back  in  the  direc- 
tion from  which  they  come  and  the  part 
on  the  other  side  of  the  object  which  in- 
tercepted the  light  ijoes  into  sha>le  and  a 
shallow  results.  .\  shadow  then  is  pro- 
duced by  cutting  off  one  or  more  light 
ravs.  \Ve  notice  shadows  when  the  sun 
is  bright  in  the  daytime  and  at  night 
when  we  walk  along  the  streets  liu'hted 
partlv  by  street  lamps.  The  shadows 
we  see  in  the  daytime  are  causeil  by  our 
cnttini;  olY  and  throwing  back  some  of 
the  ]iL;ht  rays  which  come  from  tlie  sun. 
Tliese  are  not  so  dark  as  the  shadows 
wc  see  at  nitjht  because  the  rays  of  light 
from  the  sun  are  so  bri.sjht  and  are  re- 
flected from  so  many  other  objects  to 
the  side  and  in  back  of  us. 

When,  however,  we  are  walking 
along  a  dimly  lighted  street  and  come 
to  a  street  lamp  the  shadows  our  bodies 
cause  arc  quite  black.  The  night  shad- 
ows are  darker  because  the  source  of 
light  is  less  intense  and  the  objects  to 
the  side  of  and  in  back  of  us  (if  we 
are  walking  t.-.w:ird  the  !i-ht>  'lo  not 
reflect  so  much  of  the  licrht  rays  as  they 
do  of  the  sun's  ravs  in  the  daytime. 


\h 
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WHAT    MOLDS    A    I'.L  ll.DINU    IP? 


1  Hi-  iH'i.i-"U      111  1.  Ml  |.>   ii_ 


The  Foundation  of  a  Sky  Scrapei 


How  Hollow  Stfel  Piles.  Compressed 
a!.(l  Consrete  Are  Employed  to  Make 
a  Foundation 

kAriunv  of  liuililin^'  constniction  is 
of  priman-  imijorlance  in  every  city  of 
metropolitan  si;'.e.  When  real  estato 
is  sold  at  tl;e  rate  of  several  hundred 
dollars  a  square  foot  it  is  si-lf-e\-idenl 
that  time  is  indeed  money.     The  delay 


of  ,1  fpw  days  in  rnmplptinf:  -i  struc- 
ture ina>-  deprive  the  owner  of  the 
eh.ance  of  eaminj;  thousjinds  in  rental 
money.  Recause  of  the  e.\ce.s.sive  depth 
of  an  open  cais.son.  the  completion  of  a 
fotmdntion  may  I'-c  delayed  for  munths. 
Hence  the  building  may  not  be  com- 
pleted until  the  renting  iKjriod  has 
passed  and   the  owner  must  wait  an 


Pll.rs   ART:   DRIVrN   DOWN  TO   SOLID   ROCK 


A'.r, 


inlirc  year  licfcirc  he  can  expect  any 
financial  return  un  his  investment. 

Bec;iuse  rapidity  is  so  essential  in 
cilv  Imililins;  construction  the  method 
of  first  sinkinjj  an  open  pit  to  rock- 
in  providing,'  a  foundation  has  been 
displaced  to  a  larj^e  extent  by  a  system 
in  which  heavy  hollow  steel  piles  are 
employed  in  clusters  to  su]ii)ort  a  build- 
ing. The  hollow  piles  are  driven  throui^h 
quicksand  to  rock,  cleaned  out  and 
ultimalcly  filled  with  concrete. 

In  this  method  of  constructinK 
foundations,  which  is  illustrated,  hollow 
steel  I'ilcs  are  driven  in  the  well-known 
manner  down  to  solid  rock.  The 
Kieel  pile  sections  vary  in  length  from 
20  feet  to  22  feet,  and  in  diameter  from 
T2  inches  to  24  inches.  If  the  ground 
is  to  be  penetrated  to  a  depth  greater 
than  22  feet,  the  sections  of  piling  are 
connected  by  means  of  a  sleeve  in  such 
maimer    tlial    a    watertight    joint    is 


formed.  Under  a  pressure  of  150 
pounds  to  the  square  inch  a  jet  of  com- 
pressetl  air  is  then  emidoyed  to  blow 
out  the  earth  and  water  contained 
within  the  shell.  A  spouting  geyser  of 
mud  rising  sometimes  to  a  height  of 
150  feet,  and  oecasi<jnal  large  ineces  of 
rfjck  blown  up  from  a  deptli  of  40  feet 
below  the  ground,  bear  testimony  to 
the  terrific  force  of  the  air  blast. 

Wlun  the  shell  has  been  completely 
cleaned  out  by  means  of  the  blast  of 
compressed  air,  the  exposed  rock  can 
be  examined  by  lowering  an  electric 
light.  Steel  sounding  rods  are  em- 
])loyed  to  test  the  hardness  of  the  rock 
and  to  detect  the  diUcrence  between 
soft  and  hard  bed  rock.  After  the  piles 
in  each  pier  have  been  cleaned  out, 
they  must  be  cut  off  at  absolutely 
the  r>ame  height — sometimes  a  very 
diOicult  task  when  there  is  little  room. 
The  oxy-acctylenc  torch  is  used  for  'Aw 
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CITTINCJ    STi:i.l.    IMl.LS   WITH    A    HOT   Fl  AMI; 


Aftrr  the  pilM  in  Mch 
.licr  h.lvr  tifen  ilrunrd 
I'Ut  tlu-v  must  he  Hit  off 
■It  ixiutly  thf  same 
hi  'it— siinietimrs  a  very 
.111)  ult  task  nhrn  there 
IS  little  riK.m.  The  <,xy- 
atetyU-ne  torch  is  used 
for  the  puriii.se.  the 
ititenseh  hnt  flame  rut- 
tinK  off  the  steel  almost 
like  butter. 
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PILES   ARE    NEXT   FILLED   WITH    CONCRETE 
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DL'spitf  various  obstructions  on  the 
jjround  (shoring;  <ii  ncijjhhorinjj  tmild- 
in^'s  and  llu'  liku)  the  driving  '.vas 
startocl  on  June  30th.  The  excavator 
was  still  takin;,'  out  his  runway  while 
the  rear  half  of  the  lot  was  comjiletely 
driven.  After  he  had  left  the  ^Tound 
a  C(jniprcssor  was  set  uj),  and  tlie  first 
pipe  was  blown  on  July  7th.  Three 
days  later  all  driving  and  cleaning 
had  been  compk'ted.  Dtirin<;  the  fol- 
lowinjj  two  da\s  all  the  piles  were 
Tilled  and  capped.  In  a  word,  the 
entire  foundation  had  jjeen  completed 
three  da>s  licfore  the  ex{)ccted  arrival 
of  the  steel. 

Such  rapid  work  is  not  unusual  with 
the  steel  foundation  method.  On  an- 
other contract,  work  was  completed 
not  in  the  three  months  stipulated, 
but  in  exactly  one  month  and  a  half, 
durinj^  which  brief  time  all  the  excava- 
tion had  been  done,  including,'  sheeting, 
shorini^,  pile-driving,  the  mounting  of 
concrete  girders  to  carry  the  wall  anil 
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purpose,  the  intensely  hot  flame  cutting' 
off  the  steel  almost  like  butter  at  the 
exact  elevation  desired. 

The  hollow  shell  is  next  filled  with 
concrete  reinforced  by  means  of  loiv.; 
two-inch  steel  rods,  sometimes  fift\ 
feet  in  length.  On  clusters  of  these 
concrete-filled  piles,  the  weight  of  the 
building  is  supported. 

That  this  method  of  constructing 
foundations  is  indeed  rapid,  the  ston,- 
of  the  work  at  145-147  West  Twenty- 
C'gb.lh  Street,  New  York  City,  proves. 
Rock  was  located  ,^H  feet  below  the 
curb.  The  material  above  it  was  cla\' 
and  water-bearing  sand.  Stnictural 
steel  was  chie  in  three  weeks,  but  the 
completion  of  tlie  c<'llar  wi'S  still  ten 
days  olT  The  steel  jjile  foundation 
method  offered  the  only  solution  of  Ihe 
problem.  Specifications  were  drawn 
which  called  for  eighty-five  12-inch  stcc! 
piles,  driven  to  rock,  blown  clean  by 
compressed  air,  and  tilled  with  con- 
crete,    reinforced    with     2-inch    rods. 
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r-(;)y.-Dr-Tp  TILES  V-'IIICH  nA\'E  PEEX  SCNK  TO 
ROCK  IIOTTOM  AND  IM  WHICH  TWO-INrH  STEEL 
RODS  HWE  BEE.V  INSERTED  TO  ACT  AS  REIN- 
FORCEMENT FOR  THE  COM  RET E  VkMiCU  WILL 
EVENTUALLY   BE    POURED    IN. 


Mil     i5l()\\IN(i    OIT    Mil)   AM)   kOCK   WITH    COMPRISSri)   Wli 


THE  -ILLI.  Ui.i.  1-  I.A-II.V  l>i|;iLI>  lAl.N 
IIIKOKill  THK  SDIT  I  I'l'l-K  l.AYUKS  ol"  HKU 
K1K.K.  SnMLllMKs  \  1:kY  1  \Ri.1-:  I'llil  Es  ARE 
BLOWN  ll>  INK)  TirK  MR  llV  Tllli  1)LA»T  <)1- 
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rapping;  of  tlu-  ]'ilrs  ready  to  receive 
tlic  f:rilla;;o. 

Soinotiines    difiTmiUies    arc    oiicoun- 
tercd    wliidi    would    prove     all    liut 

insumu)unt,!M"  rMvl  ivriainlv  hopeles^lv 


expensive  with  other  methcxls.  Tims 
in  ( arryiiij;  out  tin-  one  contract,  water 
was  fonnil  i  J  feet  from  the  iiirl).  Two 
nninin^'  streams  had  intersected  at  that 
point.  The  piles  were  .siinpl\-  .sunk 
tliroui;h  the  stream  to  rock  IxJttom 
without  any  diHicuU\-. 

The  exc-essivc  cost  of  o|)cn-i)it  work 
has  sometimes  made  it  impossihle  to 
I'uild  twelve  t  fourteen-story  Iiuildin^s 
in  many  .si'clifMis  of  the  city  of  New 
^'ork.  Tlie  steel  pile  has,  however, 
made  steel  building  construction  iirofit- 
al.lc. 

The  carrying  capacity  of  a  steel  pile 
is  enoniious.  On  a  sinj^le  r2-inth  steel 
pile  one  hundred  tons  can  he  safely 
maintained.  Piers  containinj;  sixteen 
piles  ha\e  heen  used,  and  loadinj,'s  up 
to  i,;oo  tons  are  not  unusual. 

Xatur.illy  the  (luestion  arises:  Do 
the  steel  piles  deteriorate  in  time?  'Hu- 
question  has  heen  answered  over  and 
over  a<.;ain  by  the  i)ilc^  themselves. 
After  a.ser\'ice  of  fifteen  years  the  steel 
foundation  iiiles  wer  •  removed  from  the 
site  of  a  building  which  now  stands  at 
the  northwest  corner  i  >f  W  all  and  Nassau 
streets,  in  New  York  City.  They 
showed  practically  no  dett'rionitinn. 
The  oxi(iation  on  the  oulj>i(le  was 
ri!iivi-l  tir'.'li;'i!)!o. 


tLLA.M.NG  ULl   A  llDl.l.DW  Ml.l.I    111.1     BY   MI.AN^    ol     r().sirKtasLD  AIR  A 
GEYSER    OF     IILU    ALWAYS  Al'fEAKS, 
Illustrations,  courtesy  of  Scientific  .'mi-n.an. 
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The  wStorv    in    a    (]lass   of  Water 


How    Does    the    Wntcr    Get     into    the 

Faucet  f 

It  is  c;isv  for  you  lioys  and  prls  who 
live  :ti  the  city  to  nin  into  the  kitclion 
or  l)athnK)in  when  you  arc  thirsty 
and  l)y  a  simple  turn  of  the  faucet  tap 
secure  a  K'a^s  of  cool  and  refreshinj; 
water,  hut  did  you  ever  stop  to  think- 
how  many  men  must  constantly  work 
and  how  j;reat  and  perfect  arran^^'enicnts 
must  he  maile  hv'fore  it  is  jjossihle  to 
supplv  a  Kreat  city  with  water  to  drink, 
to  hathc  in,  and  for  cookin;;  and 
washing'!' 

No  one  who  has  never  hail  the  expe- 
rience of  hcinj;  in  a  town  or  cit\-  from 
wliich  the  water  supply  has  lieen  cut 
olT.  lor  a  dav  or  a  numher  of  da\s,  can 
re.'ilize  how  necessary  water  is  in  our 
ilaily  li\es.  We  are  so  used  to  having; 
all  the  water  we  want  a>  any  time  that 
we  e\en  complain  when  in  sunnner 
we  are  aski'd  to  .1  'ik  water  which  is 
not  iced.  UriakiiiK  icc-vvater  is  very 
mui-h  of  a  hiihit.  In  tro])ical  countries 
wh'i're  there  is  no  ice.  ])eople  drink  the 
water  just  as  they  find  il.  and  if  you 
were  to  ^;o  there  and  drink  the  waters 
for  a  few  da\s.  you  would  soon  find  that 
the  water  slakes  your  thirst  even  when 
quite  wann.  so  it  is  not  the  ice  in  the 
water  that  quenches  your  thirst,  hut 
t  .J  water  itself,  and  the  ice-water  is 
not  good  for  you,  as  the  doctor  will 
tell  vou.  hecause  it  chills  the  stomach. 


Where  Does  Oin-  Drinking  Water  Cnnie 

from? 

The  l)est  way  to  tind  out  where  the 
water  in  the  faucet  comi's  from  is  to 
follow  il  hack  to  its  source.  Let  us 
.see.  Here  we  arc  in  the  kitchen  and 
vou  have  just  had  a  ilrink  of  water 
taken  from  tlie  faucet  aho\e  the  sink. 
The  lancet,  you  will  notice,  is  attached 
to  a  small  pipe  which  is  fastened  to 
the  wall  hack  of  the  sink.  We  look 
under  the  sink  and  see  th.-it  the  \)\]iii 
>;oes  through  a  hoU-  in  tlu'  lloor.  so  we 
reason  that  the  water  must  come  from 
the  cellar.  Let  us  >^o  down  cellar  and 
see.  Yes,  here  is  the  little  pipe  that 
comes  down  through  the  floor  under 
the  sink  and  we  follow  it  alon^  the  wall 
toward  the  front  of  the  houst-.  and 
well.  well,  there  it  ^'ocs  ri),;ht  out 
throuf^h  the  stone  fomidation  of  the 
house.  So  we  conclude  that  the  water 
comes  from  some.vhere  outside  of  the 
house,  and  that  the  little  pipe  we  have 
l)een  following'  is  only  a  means  of 
!J:ettinK  it  from  the  outside  into  the 
house.  We  now  mark  the  jilace  in  the 
wall  where  the  jjipe  K'r>i'S  throu).;h  and 
run  aromid  to  the  front  of  the  house 
to  see  where  it  comes  out,  hut  we  don't 
sec  it.  It  must  he  huried  in  the  j^roimd, 
so  we  ^et  a  spade  and  pick  ami  hc^in 
to  di;^  a  hole  in  the  KT<m"d.  and  jiretty 
soon  we  find  the  little  pipe  iwintinj,' 
straight   out   toward    the    street.     We 
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riu-  K-riMl  Ashokan  ri-st-n. .ir  is  sitiiatcl  alM.iit  d   ,..^,„  , 

,".^  '"-,'  '^S'«.<"»'.ooo,  an.I  it  will  hold  sulli.irnt  watc-r  f.  c.vir  the  whole  of 
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Kcc\)  on  .li^:^;in>;  the  dirt  away,  and  thus 
upon  a  litlk-  trench  fnnn  the  house 
in  the  nuddle  of  the  street  and  when 
we  j;et  there  after  a  >,Teat  deal  of  «h>,'Ki"V,' 
we  find  our  hltle  \)'\]x^  attached  to  a 
larger  pii>e  which  seems  to  run  alonn 
the  >,'round  in  the  miil<lle  of  the  street; 
^1  we  are  still  in  the  dark  as  to  wliere 
ihe  water  cnnies  from,  excepting,'  that 
o  far  as  our  own  home  is  concerned  wi- 
know  that  it  t^els  into  the  house  llirouKli 
a  httle  pipe  which  is  attached  to  a 
l.ijj  pipe  in  the  middle  of  the  street. 
Hy  this  lime  we  know  we  have  a  hit,' 
iol)  on  hand. 

We  are   preltv   tired   of   diujonK   ''V 
Ihi.s  time,  so  we  call  in  all  the  hoys  ami 
-iris  in  town  to  hilp  us  dij^  so  that  we 
mav  sec  where  these-  pipes  come  Irom. 
;  nd  we  have  a  re^tilar  din^iuK  carnival. 
\\\'  folUnv  the  bij;  pipe  alouK  <mr  own 
street   until    we   come    to   the    comer. 
Here  we  fnd  that  our  larger  street  pipe 
i,  connectc.l  with   a   still   larger  pipe. 
M.  we  think  we  had  better  follow  the 
liTiivr    iiipe.     We    keep    on    di««m>,', 
-taiinu  more  of  the  hoys  and  j,'irls  to 
help,  and  we  follow  that  hit,'  pipe  ri^hl 
out  to  the  cdKC  of  town  whi're  we  see 
It  runs  into  another  stone  wall  which 
vou  knew  all  the  time  was  the  reser- 
voir,  hut   conceniin>;  what  it  was  for 
you   were    perhaps   never    quite   clear. 
Rij^'hl  near  the  place  where  the  pipe 
1,'oes  in  is  a  stairvvav  which  leads  up 
to  the  top  of  the  wall,   so  the  whole 
crowd    of    bovs    and    ):\t\^    climb    the 
steps  and  voii  are  at  the  top  of  the 
resiTvoir;    and  there  spread  out  lx>fore 
you.  \ou  see  a  l)i«  lake  surrounded  with 
a   stone  wall  and   you   see   where   the 
water   comes    from— the    rcser\-oir-  at 
least  so  vou  think.     But  you  are  wrons;. 
You    rc'allv    haven't    come    anwhcre 
near   the    source   of   the    snipply.     I-\)r 
soon   as   \()U   walk   around   the   broad 
top  of  the  wall  which  surrounds  your 
rescr\-oir,   vou  meet  a  man  who  asks 
you  what  "\ou  want,  and  you  tell  him 
that  \-ou  have  been  finding  out  where 
the   water   in   the   faucet   carne^  from, 
but  ha\-inK  iouiul  uui  \ou  thou;;:;!,  you 
would  KO  back  home.  . 

The  man  smiles  at  you,  but,  as  he  is 
j^'ooil-naturcd  and  sees  you  are  really 
trviiit'    to   find   out   where    the    water 


cotnes  from,  he  tells  you  that  since  you 
have  none  to  all  thi'  tnaible  of  dinKi'it; 
up  the  streets  to  follow  the  pijK-s,  you 
mij^ht  as  well  learn  all  about  it. 

He  first  tells  you  that  the  reservoir 
is  not  reullv  the  place  where  the  water 
comes  from  but  only  a  tank,  so  to  sjieak. 
lie  exi)lains  to  you  that  nu»t  of  the 
faucets  in  the  city  are  hit;her  than  the 
real  source  of  the  water,  which  is  out 
in  the  countrv  miles  away,  and  as  water 
will  not  run 'up  hill,  it  is  neces.sary  to 
keei>  the  citv's  d,iily  supply  in  some 
place  that  is  higher  than  the  highest 
faucet  in  the  cit>-,  so  that  it  will  force 
its  vvav  into  and  till  to  the  ver\-  end  all 
of  the'lar^^e  jnpes  in  the  streets  and  the 
small  pipes  which  p)  into  the  houses, 
so  that  the  water  will  come  out  just 
as  soon  as  you  turn  the  faucet. 

Then  he'  takes  you  over  to  a  lari^e 
buildiuk'  near  the  'reser\t)ir  which  you 
ha\-e  alwa\s  called  the  water  works, 
but  never  knew  exactly  what  it  was 
for.  He  takes  you  into  a  lar^ie  room 
where  there  is  "a  lot  of  nice-looking' 
machinerv  working  away  steadih-  but 
quietlv,  and  tells  you  that  these  are 
the  >;reat  pumps  which  lift  the  water 
from  the  k'rc^t  pip'es  which  brinu  it 
from  far  away  in  the  country,  into  the 
reservoir  we  have  just  seen,  from  which 
the  water  runs  into  and  tills  all  of  the 
pijjcs  into  the  city,  .  _ 

He  also  tells  you  that  in  some  cities 
it  is  impossible  to  find  a  place  to  build 
a  reservoir  which  is  higher  than  the 
highest  places  in  the  city.  In  such 
Ijlaces.  the  ])umps  in  the  water  works 
juimp  the  water  direct  into  the  city 
water  piiies  and  force  the  water  to  the 
verv  end  of  all  the  pipes  and  keep  it 
there  under  pressure  all  the  time. 

From  the  pumping'  station  he  takes 
you  down  st.iirs  in  the  watiT  works 
and  shows  vou  the  hu^e  piiie  which 
brinj^s  the  water  to  the  water  works 
from  the  country.  It  is  fpite  the 
larj^est  jnpe  you  ever  saw.  You  see  it 
is  not  really  an  iron  pipe,  but  built 
of  concrete,  which  is  quite  as  j;ood. 
You  will  be  suq>riscd  to  have  our 
friend,  the  water-works  man,  tell  you 
that  three  avcraKe-sizcd  men  could 
stand  up  on  each  other's  shoulders 
inside  the  great  pipe. 


■."»     HOW    mi:    HKi    ,.„.,.S     vm.    LAID    IMROKiM    I M,     C,MN,,n 


I  Ju;  .aUr'W"rks  man  soes  how 
.  .imtst  yi)U  an-  in  st-i-iny  just  whcro 
I  he  vnli-r  loinvs  ln>in.  so  he  proiMW-s 
Mint  '.o  «o  (intl  ont.  Wf  K<'-  outside 
:,n(i  there  is  an  autmivihile  all  ready 
In  v:<>  and  we  jun.p  in  and  the  maihine 

I  arts  (.11  alorn  quite  one  of  the  nieest 
■..;id>    \ou   were   e\er   on.     S<H>n    you 

\<  laitri.  "  Why.  this  is  the  a<|ueduel 
•..ad."   and   so' it    is.     The  );ri'at   JiilH- 


thriiunh  which  the  water  <<nnes  to  the 
city  is  an  acjueiluel  and  they  have 
liuill  the  road  riKht  over  tlu-  j.lacc 
where  the  aiiue<hui  runs.  Away  we 
jjd  as  fast  as  the  ear  ean  earry  us,  .some- 
linies  ten.  or  twenty  or  iterhaps  lifty 
miles,  aceordin;;  to  what  city  you  are 
in.  The  i-ity  ^(K'i<.  as  far  as  it  must  to 
(ind  a  .supply  of  jmre  water  antl  plenty 
of  it  and  sjhmhIs  millions  uim.u  millions 


The  water  i-i  inii.lii.u.l  fr..ni  .\.~!i.,\.»n  icirvi.ir  ...-  a  hum',  uii'li  r^n.iiii.!.  .:rt:fiii:il  riviT 
The  ;u)m'ihRt  is  iiinelv-twi.  milrs  in  !i'n>;tli  fri.m  .\shi.k;in  ti.  the  ii'.ri!nrn  .  !ly  hni'.  .iiil  it  shoul'l 
!.e  cxpl.tinnl  th;it  it  is  huilt  '.n  :i  gentle  nr.vW:  anil  tliat  t!ie  water  (!..«-.  iIip.uhIi  liii>  .it  .1  .slow 
iml  fa.rlv  e..ii-tant  speeil.  Tlie  aqueiiiict  contains  fiinr  ilinsliel  t\|Rs:  tlie  ott-ani!-i-<ivcr, 
the  Kr.iile  tiinnil.  tlie  pressure  tunnel,  and  the  steel-pipe  .siplion.  The  iut-an.l-e<.\-er  tyix-.  which 
i>  usihI  on  lifty-tive  miles  of  tlie  a(|ueihut.  is  of  a  liorseslKH?  shajie  ami  niea.sures  17  ftvt  high  by 
17  lift  ()  inches  wiiie,  inside  measureinents.  It  is  liuilt  of  concrete,  and  on  completion  il  is  cf.v- 
iTc'l  in  Willi  an  earth  enihanknient.     This  typo  is  used  wherever  the  nature  ■  f    '  I  and  the 

.  levation  allow.     Where  the  aqvieduct  intersects  hills  or  mountains,  it  is  >:  i>,'h  them 

■n  tunnel  at  the  standard  gr.ide.     There  arc  twenty-four  of  these  tunnels.  .;>.^     ., ^  l"ourti-cn 

■  lilis  in  IcnKth.  They  .ire  horseshoe  in  shape.  17  feet  hii;h  liy  16  fe<'t  4  inches  wile.  ..nd  thev  are 
I  ncd  with  concret.-.  When  the  line  of  the  .-iqucdnct  encountered  deep  ami  lirvid  valh'vs, 
they  wire  crossed  l.y  two  tnethixls:  if  suitahle  rock  were  present,  circular  tunnels  were  driven 
die'p  within  this  rtx'k  and  lined  with  concrete.  Thcr"  art  seven  of  these  pressure  tunnels  of  a. 
total  icn>;tli  c.f  seventeen  miles.  Their  internal  di  r  :er  is  14  feet,  and  at  each  end  of  each 
tunnel  a  vertical  shaft  connects  the  tunnel  with  th  ■;•  .de  tunnel  above.  If  the  bottom  of  the 
vallev  liid  iioi  oiler  suilabie  riK-k  lor  .1  n>ck  luiillel.  .tt  if  there  Were  i.tlur  j.ro'iiii.|-ivc  rciSons. 
-tccl  siplions  were  used.  These  are  q  feet  and  II  feet  i'l  diameter.  They  are  liiieil  with  two 
inches  of  cement  mortar  and  are  inibtilileil  in  eoncre  e  and  covcrc!  with  an  earth  einbank- 
ment.  There  are  fourteen  of  these  pipe  siphons  of  <i  total  length  of  six  miles.  .\t  present  one 
pifie  suffices  to  earn-  the  water.     ITtimately  three  will  be  reijuircd  for  each  siphon. 
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of  dollars  to  mako  its  supply  of  water 
^'0)(1  and  certain.  Occasionally  wc 
come  to  a  little  stone  house  alonj.;  the 
wa\-  where  we  can  ko  down  and  see  the 
sides  of  the  ^jreat  st(5ne  jiipe.  After 
a  while,  however,  we  find  our  aciuedtict 
road  comes  to  an  abrupt  stop  before 
another  i^rcixt  stone  wall.  It  is  the 
j;re:it  dam  which  has  been  luilt  out 
there  in  the  countn.-  to  fonn  one  end  of 
a  ^reat  tank  that  catches  and  nolds  th" 
waters  from  the  creeks  and  ri\ers  that 
flow  into  it.  Usually  the  dam  is  built 
U]!  ri^ht  across  a  river.  They  simply 
build  the  dam  strong  enou^'h  to  stop 
the  ri\er  from  «<>'"«  ii'VV  further.  Then, 
of  course,  the  water  j>iles  upon  the  other 
side  of  the  dam  and  oeiasionallv  this 
tank,  which  is  .simply  another  lui^,'e 
resiTvoir.  gi-'l^  so  full  that  the  water 
flows  over.  It  does  not  rea'lv  ov«.'r- 
flow  the  top  of  the  dam.  because  under- 
neath the  top  the  en.i,'ineers  have  left 
ojuninj^'s  here  and  there  fur  the  water 
to  .;et  throuj.;h.  If  it  were  not  for  these 
1c>0]i1k>1os,  so  to  sr)eak,  the  great  wall 
of   watei    within    the    reservoir,    piled 


against  the  dam,  would  break  down 
the  wall  no  matter  how  well  built,  by 
the  great  pressure  it  exerts. 

\>\'  are  now  n-ar  to  the  real  .source 
of  the  water.  We  take  a  trip  around 
tht'  top  of  the  great  reservoir.  Around 
at  the  other  end  we  find  what  looks 
like  a  river,  excepting  that  there  isn't 
any  current  to  speak  of.  It  is  a 
river,  but  a  much  deeiKT  one  than  it 
would  have  licen  but  for  the  dam  which 
has  been  built  across  it,  and  originally 
its  surface  was  quite  far  down  in  a 
valley.  Sonii'itues  man  makes  his 
water  dam  at  one  end  of  a  lake,  which 
has  been  formed  by  streams  flowing 
into  a  valley  which  has  no  opening 
for  the  water  to  nm  out  of.  In  these 
cases  the  lak"  will  be  high  up  in  the 
hills  anil  man  simply  builds  his  dam 
at  one  end.  I  is  the  end  of  his  aqueduct 
into  the  bottom  of  the  lake  and  the 
water  flows  In  other  ea.ses  he  jncks 
out  a  valley  where  there  is  no  lake  at 
all  builds  I'is  dam  and  then  drains 
the  water  which  he  finds  in  .small 
lakes  higher  up  in  the  hills  into  the  one 
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DIGQING    A    HOLE    UNDER   A   RIVER 
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Of  the  mnnv  siplinns  constnicted,  by  far  the  most  interestiiiK  and  difficult  is  that  wtii.  li 
has  been  cumpU'tt-l  bi-neath  the  Hudson  River.  The  prcliniinan,-  borings  made  from  scows 
in  the  river  showed  that  ^reat  deptlis  would  have  to  be  reached  before  ri>ck  suttiiicntly  solul 
and  free  from  seams  was  encountered  to  withstand  the  enoniious  hydraulic  pressure  of  the 
water  in  the  tinmcl.  After  failinj;  to  reach  rock  bv  the  scow  drills  two  sencs  of  inclined  bor- 
ings were  made  from  each  shore,  one  pair  intercepting  at  about  <><)<)  feet  depth  and  _the  othtT 
at  about  1500  feet.  Both  showed  siilislactorv  rotk,  and  accordingly  a  shaft  «;is  simK  "n  e.^"!i 
sh.ire,  to  a'llepth  of  approximatelv  iloo  feet  and  then  a  horizontal  tunnel  was  driven  connect- 
iiiK  the  two.  II  is  of  interest  to  note  tliat  beiause  of  the  enormous  head,  whii  h  must  be  rncasureti 
from  the  flow  line  far  above  the  river  surface,  the  pressure  in  Uie  horizontal  tunnel  reaches  over 
forty  tuns  per  square  foot. 


!f)| 


It 


SOS    IHL    mUHIiST   BLILDINQ    I.N   THIi   WORLD   LPSIDII   DOWN 


*   1 


\\n\r  IS  cvkisoMC  acid: 
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]nji  vallcv  and  makes  a  very  larK«-'  lake. 
Bill  llu-'  \val(.T  in  the  lakes  eonics 
ori.i^inally  fnnn  the  creeks,  rivers  - 
springs  wliiih  nm  into  il,  and  so  . 
will  follow  our  original  river  liaek  into 
file  hills.  Here  and  there  alon^  its 
eourse  we  lind  a  little  stream  llowinK 
into  our  ri\ir  and.  as  we  K<)  "P  higher 
and  higher  into  the  hills,  we  find  our 
ri--er  j^'ettin^'  smaller  and  smaller.  Now 
it  isonlvacrei'kantl,  if  wi- j.;ofarenoUKh. 
we  tinii  its  souree  hut  the  linie.st  kind 
of  a  tinkling  lirook  with  the  water 
dripping  almost  noisi'lessly  hetwc'i'ii  the 
rocks  as  it  makes  its  path  down  the 
side  of  the  hill.  There  is  the  S(  irce  of 
the  water  in  the  ^lass  you  have  jusi 
eni'  i\-  d. 

What  is  Carbonic  Acid! 

h  w.is  formerly  ealled  tixcd  air.  and 
i>  a  t;ascons  compound  of  carbon  and 
oxv^eil.  It  is  procured  hy  the  pro- 
cesses of  comhusiion  and  respiration. 
:nid  hence  is  always  i>resent  in  the  .air, 
tlious,'h  in  mimUe  (|uamily.  I'lants  live 
ujinn  it  and  .ihsorh  it  into  their  ti>sues ; 
they  abstract  and  assimilate  its  earhon, 
ai  li  return  its  oxysjen  to  the  atmosphere 
i-i  a  pure  con<lition.  It  is  also  present 
in  sprinii;  water,  and  often  in  (|uantities. 
so  tltnt  it  sparkles  and  effervesces;  it 
is  \Uri  ]>rodnccd  dnrinj;  the  processes 
of  pmrefaction,  fermentation,  and  slow 
(k'cav  of  anim.il  and  vcKetahlc  sub- 
stances in  presence  of  air.  Tt  is  lartjely 
emploved  by  the  manufacturers  of 
pcrated     bread     and     aerated     waters. 

I  iider  a  pressure  of  about  Cxxi  pounds 
it  liiiuefies.  and  when  allowed  to 
escape  through  a  sm.dl  jet  it  rap- 
ic'lv  cvai>nrates  and  causes  intense 
. did,  so  much  so  as  to  become  frozen. 
It  does  not  support  Inirnins;.  The  .qas 
■  icrived  from  it.  carbon  dioxide,  is  in- 
\i~ihle.  and  is  heavier  than  air  by  one 

II  df.  and  ba«  a  pnnKcnt  odor  and 
-i;<;htlv  acid  taste.  In  a  pure  state  the 
eas  cannot  be  resjiircd.  as  it  supports 
ncilluT  respiration  nor  combustion. 
When  the  portion  in  the  atmosphere  is 
;  -..-T-oa^cd  1o  a  constder.able  extent,  as 
happens   sometimes,   it   endangers  life. 

The      familiar    "rising"    of    bread    is 
l.rnucht    about    bv    carbonic    acid    gas 


escaping  through  and  permeating  the 
(lough,  making  U  light  and  porous.  In 
this  form  it  is  known  a>  yeast  or  as 
ii.'king  i>owder.  We  -ee  its  uses  also  in 
the  chemical  fire-engine. 

In  some  parts  of  the  worid  large 
i;u,intities  of  carbonic  acid  gas  are  con- 
vt.mtly  issni:!g  from  openings  of  the 
i.irth's  --urf.tce.  'iwo  >uc'  jilaces  are 
till'  f.nnous  I'oison  X'alKy  (.1  j.iv.a,  .nid 
the  tlrotto  iKl  t  .ine.  near  N'aples.  in 
lialv.  The  former  i-  .1  ^mall  valley 
aboiit  ,1  h.df  a  mile  around  and  about 
thirty-live  feet  deep,  in  which  the  air 
is  so  lo.aded  with  carbonic  aciil  gas  that 
aniirials  entering  it  are  killed  in  a  few 
mimUes.  i'.ven  birds  th.it  Hy  over  the 
v;,llev  ;ire  overcome  if  lliey  do  not  rise 
high  above  it.  The  <  irotto  del  Cane, 
or  ( irotto  of  the  Dog,  is  ;i  small  cavern 
in  the  er.iter  of  a  volv.ino.  .\  stream 
of  carbonic  acid  g.'is  tlows  constantly 
into  the  grotto,  but  the  level  of  the  .gas 
does  not  re.ich  the  height  of  a  m.in's 
mouth.  W  hen  the  s.inie  ;iir  is  breathed 
over  .ind  over  .again,  the  ((uantity  of 
c.irbonic  .acid  in  it  is  increased  so  much, 
that  it  mav  become  as  deadly  as  the  air 
if  the  Poison  Willey. 

Two  other  gases  that  in.i\-  eencr.iUy 
hi  found  in  air  ;ire  ozone  ;md  .'mmonia. 
The  'rst  is  merely  a  form  of  oxygen 
that  .>  ]iroducicl  by  the  passage  of 
lightning  through  tlie  air.  .\fter  severe 
thunderstorms,  it  is  siid  \r.  be  present, 
sometimt  ~,  in  sufficient  proportion  to 
give  to  the  air  a  slightly  iningent  odor. 
Il  is  more  active  chemically  th,in  is  the 
ordinarv  form  of  oxvgen,  and  conse- 
(]nentlv  has  a  stinuilating  effect  upon 
anim.als. 

.\inmonia,  or  hart-horn,  a^^  it  is  some- 
times called,  from  the  fact  that  it  was 
formerlv  oht;n'ne<l  by  distilling  the 
horns  of  harts,  or  deer,  is  almost  always 
IiresetU  in  the  air  in  small  (|nantities.  Tt 
is  prodticed  chiefly  by  the  decay  of  ani- 
mal and  vegetable  matter,  cspeciallv  the 
former,  rhongli  present  in  the  air  in 
\erv  small  nn.-mlities.  it  i«  of  nmch 
value  to  the  plant  world,  bemuse  it  con- 
f;  ins  nitrogen  in  a  form  in  wi'.ich  it  can 
be  readily  absorbed  bv  plants.  \11 
plants  contain  <;ome  nitrorren.  which  is 
essential    to    their    growth,    but    the 
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RrcattT  part  of  tin-  ,iiin..mii  in  iIk-  air 
i-^  not  ill  siuli  lorin  tliat  it  i-aii  In.-  ali- 
sorhol  In-  ijiun.  i  luy  iiiii>l  ohtain 
tiK'ir  Mifiily  Iroii)  ilir  s.,i|.  wliirli  usu- 
ally i-oiitaiii-  Minif  imni',1.11  in  a  Innn 
that  may  In-  i.ikin  np  liy  ii|.-.nt>.  ,ni'l 
troni  lln  ammonia  in  llu'air.  riu'  lat- 
liT  is  not  tal^ii  liiriclly  niil  of  tlii'  air 
l>y  till-  i.l.ints.  Inn  iJiV  rains  fallin.i: 
tliruii;,'li  tin.  air  alisorh  tlio  ammonia 
ainl  carry  it  to  {\w  s,.i|.  fruni  uhi.-ji  it 
1-  takin  u|i  into  tlir  |.|anls  ].\  Juir 
"  ots. 

r.i'sidi's    tin-    uasis    that     Iiavc    hirn 
nHntiomd.  iIktu  is  prisiin   in   ih,-  air. 
at  al!  iinus.  a  small  i|nanlil\  of  waliT- 
vapor,  which  is.  in  manx    w.iys  as  ini- 
poriani  Id  m.-mkiml  as  is'iin-  nxv;;i.n  it- 
self,     rill-  i|na':ii\  of  walcr  in  the  air 
is  not  .ilways  tin-  same.     .Vs  a  rule,  the 
t|namiiy  is  ynsatcr  in  v  arm  .air  th.in  in 
colli,  .and   is   li>,  ovi  r   l.tnd   than  imr 
water,      l-'rcinu-iiily  the  ;iir   fccK  damp 
i'l  cold  wc.illuT.  and  dr\  in  lint  \\>;itlur. 
and  it   is  nainr.d  lo  snppos^  |l,at  tluTo 
is  more  v.apor  in  the  air  on   the  dam]i 
day  Ih.m  on  the  ilry  one.      This.  |i,,w- 
e\er.  is  not  .alwaxs  inu-.     'riure  i~  n-n- 
ally  more  inoisttire  in  the  air  on  a  warm 
snmn'er  d.iy  ih.m  on  a  cold  day  in  win- 
ti  r.  thon;.di    the   winter  >\:i\-  ni.iv    seem 
much  more  mui-i       \,,u  will  Iie'.ihlc  to 
nnderst.ind   why   this  is  so  he  conip.ar- 
inj:  the  ;iir  lo  a   spon.ye.      If   we  till   .1 
sponjie    with     water,     ati.l     s,|ineze     it 
gently,  a  little  w.iter  will  he  forced  out 
of    'I-      If    we   iluii    remove   the   pres- 
st;re  on  tlu-  -pon'.,'c.    \\hrii  the  .air  cools, 
will   .ippe.ir  dr\    mi     the    snrf.ice.    hnt 
there  will   still   tie   u.iter  in  it.  and  on 
luinsf   s,|tui/i.d    li.ird.r   ih.in    hefore    it 
will  .-ijr.iin  heconie  moist  on  the  snrf.ieo 
a;id  more  w.ater  will  he  forced  ont  of  it. 
.Vnw  coM  has  ;in  elt'ict  ttpoii  moisture- 
laden  :iir  very  much  like  th;il  of  pres- 
sure on  the  sponyc.    \\  luti  the  air  cools, 
.some  of  the  moisture  is  forced  f)nl  of 
it.  and  the  .air  stcnis  .lamp.     When   it 
warms  .-lijain.  the  ,iir  seems  ilry,  ihon;jh 
there    is    still    water-vapor     in     it.       It 
seems  dry  hecaiise  it  can  ahsorli  more 
water-vapnr.  jtisf  ns  the  s],on;;e  sci-ni- 
dry  after  yon  cense  to  s(|neeze  it.  thouijh 
it  still  cont.iins  water.     From   this  we 
«('e  that  the  air  <]<k-<  not  alw.avs  seem 


-I  ulieii  there  Is  much  water-vapor 
:i  II,  nor  ilry  when  there  is  only  a  lit- 
tle. It  teels  moist  when  there  is  as  much 
w.iter-vapor  present  as  it  can  hold,  an. I 
dry  when  it  can  ImM  more  than  it  al- 
ready h.is.  And  we  also  see  that  in 
hot  we.ilher  the  air  can  hold  mnch 
more  moisture  than  it  can  in  cold 
weather.  -,>  that  whether  the  air  feeh 


Iry   or  moist,   then 


.yener.dlv    much 


more  w.iter-v.ipor  in  it  m  hot   we.ither 
than  in  coM. 

It  is  ea-y  to  see  lli.il.  over  water,  the 
air  iiatuf.dl)  lakes  up  more  moisture 
than  over  land,  hecaiise  then'  is  so  much 
more  water  there  to  he  transformed 
into  vapor.  (  )ver  the  surface  tif  se.is. 
I. ikes  and  rivers,  w.iler  is  continu.dlv 
hein^'  converted  into  vapor  hv  the 
process  of  ev.aponition,  .and  this  vapor 
i-  .ihsorhol  hy  the  .lir. 

Let    us  now    consider  the    solid    ])ar- 
licles  tloatitii;  in  the  air.  the  diisl   that 
i-'   seen  d.incini,'   in   the  )i,itli   of   a   smi- 
he.ini.     W  heiiever  we  e.\aniiue  the  air. 
these  sm.ill  particles  ,ire  found,  even  on 
tlie  tops  of  mountains,  and  at  points  so 
hii,di    .ihove    the   lartli    th.it    they    have 
hien    reached    onI\     hy    halloons.       (  )f 
course,    there    is    ver\    much    less    dust 
hii,di  ,ihove  the  e.irth  tli.in  near  the  sur- 
l.ice,    where    the    winds    are  const.iully 
slirrim;  up  the  loose  soil,  and  throwing' 
ielo    the    .lir    sm.dl    p.irticles    fif    everv 
k-ml.       In    cities,   where    factory    chiin- 
luys  .ire  continually  pourinsr  out  clouds 
of   smoke.  an<l    the  people  and    vehicles 
are  constantly  distnrhiny;  the  dust  of  the 
streets,   the   ,air  ;ilw;iys   coiit.iius   more 
dust  than  does  the  air  nf  the  counlrv 
In  order  that  we  m.iy  hre.ilhe  ,iir.  the 
oxv;jen  in  it  li.is  heeii  mixed  with   four 
times   as   much     nitroj^'en     and     .iriron. 
which  nnisi  he  inh.aled  with  the  oxvj;en. 
though  they  have  no  more  ert'.ct  oil  the 
ho<ly  than  the  water  ^ou   t.ike  with  a 
strong  medicine  to  weaken  it.     The  oxv- 
t,en.  however,  has  a  very  import.mt  ef- 
fect upon  the  hody.  and  if  we  comp.ire 
the  air  we  exhale  with  that   we  inhale 
we  fiml  considerahly  less  oxygen  in  the 
former  than  in  the  latter,     tn  place  of 
the  oxytren,  the  air  has  received   car- 
honic   aci<l   jj.is        Tt    niav    seem    very 
stranije  to  say  that  there  is  buniing  go- 
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inj;   on   in   llii'   IhhIv.  iiul   tli.il     i>     *>^i.> 
luarly  wlint  tako^  plaif.     IIr-  v-liii'l  ilit 
fiTi'iiit'  tri)iu  fual-huniiiii,'  i<  that  in  tlu- 
lioiiv  tlif  prdci-ss  v'l"-"-  ""  •■"  •■l"wly  that 
't  iliKS  iidl  make  thi'  hoily  viiy  iiut  :  lint 
vvIkii  \vf  set  tire  tn  icial,  the  princss  is 
iniiih  tiKtre  iapiil.  ami  a  lari;e  aiiioimt 
of  heat  is  )ir<>iliH'nl  in  a  ^Imrt  tinu-.  -o 
that   the   I'lial   livmnK's    very  hot.       I  he 
piodittl--  111'  hreathini;  and  of  eoal-lmrn- 
i;i^  art'  the  same,  earlionic  aeiil  .ijas  he- 
\Ufi  the  ehief  ipne.     When  coal  is  imrueil 
il  ili-'a]i]>ears.  tii>;ether  with  some  of  the 
o\\i;en  of  the  air,  an<l  in  tlieir  steail  we 
h.-ve  earhonie  aeid  yas.     When  a  hreath 
i-    taken    -ome  of   the   material   of    the 
hoilv  <lisaii|iears.  as  does  some  of  the 
o\v<.;en  of  the  air.  and  in  place  of  them 
e.irlionie    aeid    .t;as    is    fonnd.       If    we 
could   weiji;h  the  coal   Imrned   and   the 
oxvr.eil  that  di-appears  in  tile  Imrnint; 
of   It.  and   conld   then    \vei!:h   the  ear- 
bonic  ricid  ^'as  that  is  jirodnced   in  the 
hnrnin.i:.  we  should  TukI  that  the  latter 
weighs  just  as  niltch  a^  the  coal  and  the 
oxvsiell  totrether,      So.  too,  if  we  conld 
\\ei,t;h  the  oxyijeii  that  disaiipears  from 
the  air  we   hreathe.   and   also   tind   the 
weight  of  the  materi.il  taken  from  our 
h(idie~    by    1  treat liini;,    we    should    fmd 
that  the  two  to.u'ether  weii^h    just    as 
much  as  the  earhonie  aeid  gas  K'veii  otT 
\v  our  hreath.     In  neither  case  is  aiiy- 
thinj:;    ahsolutely   desiroyed:     the    suh- 
stanees      resullinK'     ir'>m     the     change 
wei^;h   iu<t  as  much  as  those  thai  look 
part  in  it. 

llaviii.tr  learned  that  a  <|uantity  of 
ftxyuen  clisappears  every  time  ve  take 
a  breath,  every  time  we  build  a  lire,  it 
would  -eem  that  in  the  tlionsaiuls  of 
vears  durinij  which  men  ami  .inimals 
have  been  livini;  on  the  earth,  all  the 
owuen  would  have  been  exlian>teil  and 
nothinj,'  left  in  its  ]>lace  but  carbonic 
acid  j,'as.  TlLit.  however,  is  impossible. 
,".s  the  carbonic  acid  .i;as  is  used  up  al- 
nios'  a-  fa^t  as  it  i-  |iro(hlced  .and  the 
oxy.s,'en  is  retnrne.l  to  the  air  in  it« 
stead. 

All  tree-  and  I'lant-^.  from  the  j,m";>t 


!,.  ve  the  power  when  the  suii  shiiic.s  on 
them  to  take  u]>  carbonic  aeid  from  the 
air  and  to  return  oxysLjen  in  e.xehan};e. 
In  this  way  you  see  that  the  balance  is 
ke])t  just  as  il  should  be.  The  oxygen 
niedeil  by  anim.ils  of  all  kinds  is  fur- 
nished by  the  plant-,  and  the  carbonic 
acid  rei|uired  by  pliints  is  thrown  off 
in  ihe  breath  of  .animals 

Is  It  a  Fact  that  the  Sun  Revolves  On 

Its  Axis ' 

Il  is  a  proved  fact  that  the  sun  re- 
volves on  its  axis.  AH  jiarts  of  its 
■•nrface.  however,  do  not  rot.ate  with 
the  same  velocity.  The  rotation  of  the 
-nn  ditl'ers  from  that  of  the  earth  in 
this    respect. 

This  constiiutes  the  visible  ])rcK)f  that 
the  physical  state  of  the  sun  is  ditYerent 
from  the  e.-nnh's.  although  they  are 
composed  of  similar  eheniieal   elements. 

The  earth,  beini;  covered  with  a  solid 
crust,  and  beint;  .also,  as  recent  inves- 
tii;ation  demonstr.ates,  ;is  risjid  as  steel 
throU!,'hout  its  entire  t;!"'"-"-  rotates 
with  one  and  the  same  ant;nlar  velocity 
from   the  ei|uaIor  to  the  poles. 

If  -on  stood  on  the  earth's  ei|uator 
vou  would  be  carried  by  its  daily  rota- 
tion round  a  circle  about  J^.oc*)  miles 
in  circumference.  If  you  stood  within 
a  yanl  of  the  North  or  South  I'ole 
\(iu  w'luld  be  carried,  by  the  same 
moiinn,  round  ,i  circle  not  ([uite  lO 
fict  in  circumference.  .\nd  _\et  it 
would  reijuire  preci-ely  the  s.ime  time, 
viz.,  twenty-four  hours,  to  describe  the 
h:-foot  circle  .as  the  J5,<)(X)-niile  om.'. 

What  Is   the    Most    Usefully  Valuable 
Metal  ? 

If  vou  were  f^ucssinj;  you  would 
naturally  s;iy  thai  '^iM  is.  of  course,  the 
most  valuable  of  the  metals.  But  you 
would  In.'  wron^.  The  proper  answer  to 
this  is  iron.  We  do  not  mean  the  ]>ound 
for  jjound  value,  for  you  i-ould  k^'I  much 
more  iiionev'  for  a  pound  of  ^,'old  than 
for  a  iiouid  of  iron,  hut  wo  mean  in 
usi'ful  value — iron  is  in  that  sen.se  the 
most   valu.able   metal    known    to  man. 


id     trees    of     Californi;'.     to   the      'I'his  is  so  beea\!s<-  iron  is  nf  itreat   ser- 


1  h 
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-mallest  flowers  that  dot  the  fields,  nee<l 

ibonic   acid   j;as  to  keep  them   .alive 

;.'id  to  make  them  [.'row.     Their  leaves 


vice  to  man  in  so  many  ditTen'nl  ways, 
and  it  is  very  w-ll  that  there  is  so  great 
a  (juantity  o\'  it  for  man's  \iso. 
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WHLRE   Dots  TOBACCO   COMi;    J  ROM  ? 


GRlUMNG  IDIJACCO  fNDER  CHEEMiCLOTH. 


1hc'  Siors    in   a    Pipe  and   (j'i^ar 


Where   Did    the    Name    Tobacco    Origi- 
nate  ? 

I'l  i>  ni)\v  ,-(.'iK'r;ill_\  ,i^'av<l  thai  the 
word  lohaci'ii  isikrivcd  fmui  "  tol)a>;o," 
which  was  .111  iiKhan  pipe.  The  lo!)a);o 
was  V-shapcil.  and  usually  consisted 
of  a  hollow,  forked  rce<l,  the  two 
Iiron^s  of  wliich  were  (iticd  into  the 
nostrils,  the  smoke  hein^'  drawn  from 
tobacco  placed  in  the  etui  of  the  stem. 
The  island  of  Toliiii^'o,  contrarv  to  the 
belief  of  many,  did  not  furnisli  the 
name  for  tobacco,  but  on  the  other 
hand,  it  was  ^,^ven  that  name  bv 
Columbus,  owinK'  ti'  il-^  resemblance 
in  shajie  to  the  Indian  pipe. 

How  Was  Tobacco  Discovered? 

While  tobacco  is  now  found  ;,Towini,' 
in  all  inhabited  countries,  it  is  a  native 
of  the  Americas  and  adjacent  islands. 
Its  discovery  by  ci\ili/.ed  man  was 
coincident  with  the  discoxerv  of  this 
continent  by  Christopher  Columbus  in 
i4<)2.     Columlms  and  his  adventurous 

*r.ipyri!.'ht  l.y  Tol,:!!', 


r.ailnrs  found  the  n.ntivp  Indi.ins  u.sinj; 
the  weed  on  the  explorer's  first  visit 
to  the  new  world.  Investigation  h;is 
established  that  tlie  plant  was  first 
used  as  a  religious  rite  and  j,'raduallv 
1-ecame  a  soci.il  habit  anionj,'  the 
natives.  Columbus  and  his  Castili.in 
.succes.sors  carried  the  weed  to  Spain. 
Sir  Walter  Raleij,'h  look  it  to  Engl.ind, 
Je.in  .\ii-ot,  whose  name  is  immor- 
talized in  nicotine,  introduced  it  to 
iIk'  I'rcnch;  adventurous  trailers 
iTou^ht  the  seed  to  Turkey  and  Svria, 
and  Spanish  argosies  carried  it  west- 
ward from  Mexico  to  the  Philippines 
.and  thence  to  China  and  Japan.  I'luis 
within  two  centuries  after  its  discovery 
tobacco  was  being  cultivated  in  nearly 
ever\-  countr>-  and  was  being  used  by 
e\ery  lace  of  men. 

Where  Does  Tobacco  Grow  ? 
While    tobacco   is   a    native   of   the 

Amcric:is,  it  i-;  a  fart  that  it  will  grow 
after  ;i  fashion  almost  anywhere.  Mil- 
ton Whitney,  Chief  of  the  Division  of 

(I  I.<';|f  I'libli-liiim  Co. 


\VH(:Ri;    HAVANA   TOBACCO    IS    GROWN 


Sinls.     l.iiiU<l    Si.iU.-.    IXpartnicnt.    uf 
Avrriculturc,  in  his  bulletin  on  tobacco 
liuils   savs   tobacco   can    lie   Rrown   in 
nearly   all  parts  of  the  countrj'  even 
where  wheat  and  com  cannot  econom- 
irallv    \}c    >;r<)\vn.     The    plant    readily 
:i(laiits    itself    to    the    K^eat    ran^e    of 
rliiiiatic  conditions,  will  j^row  f)n  nearly 
ill  kinds  of  soil  and  has  a  companitivi'ly 
hort  season  of  growth.     But  while  it 
,  an  be  so  universally  ^rown,  the  flavor 
and    (luality    of    the    leaf    are    greatly 
nitluenced  by  the  conditions  of  climate 
and  soil.     The  industry  has  been  very 
liiKhh-    specialized    and    there    is   only 
demand    now    for    tobacco    possessing,' 
.(■rtain    qualities    adapted    to    certain 
I)ecitic  jmrposes.     ...     It  is  a  curious 
■  ml  interesting'  fact  that  tobacco  suit- 
able for  our  domestic  cigars,  is  raised  in 
Sumatra,  Cuba  and  Florida,  and_  then 
I>a--ing  over  our  miildlc  tobacco  States 
thi'  rigar  tvjie  is  found  again  in  Massa- 
rhusetts,     Connecticut,     Pennsylvania, 
Ohio    and    Wisconsin.   .   .     It    is    sur- 
prising to  find  so  little  difTcrencc  in  the 
tnt'te(>n)logi(al  record  for  these  several 
places  during  the  crop  season.     There 
dfK's  not  seem  to  be  sufficient  difTerence 
to  explain  the  distribution  of  the  dif- 
ferent classes  of  tobacco,  and  yet  this 
di.stribuiinn    is    probably    due    mainly 
to  climatic  conditions.   .  .  .    The  plant 
is  far  more  sensitive  to  these  meteorlog- 
ical  conditions  than  are  our  instruments. 
Even  in  such  a  famous  totiacco  region 
as  Cuba,  lol .»'"  J  of  good  ciuality  can- 
ned l>e  grown  in  the  immediate  vicinity 
of  the  (K-ean  or  in  certain  parts  of  the 
island    that   would   otherwise   be   con- 
sidered good  tobacco  lands.     This  has 
been  experienced  also  in  Sumatra  and 
in  our  own  country,  but  the  influences 
;ire  too  subtle  to  be  detected  by  our 
meteorological  iiistr.nnents.  .  .   .  Under 
good    climatic    conditions,     the    class 
and  type  of  tobacco  depend  upon  the 
character  of  the  soil,  especially  on  the 
phvsieal    character    of    the    soil    upon 
whicli  it  is  grown,  while  the  grade  is 
dependiiit  '.argely  upon  the  cultivation 
;ind     curing    of '  the    crop.     Diflercnt 
tvjics  of  toiiacco  are  grown  on  widely 
diflercnt   soils   all    the   way   from   the 
coarse  sandy  lands  of  the  Pine  Barrens, 
tn  the  heavv,  clav.  limestone,  corn  and 


wheat  lands.  The  best  soil  for  one 
kind  of  tobacco,  therefore,  may  be 
almost  worthless  for  the  staple  agri- 
cultural crops,  while  the  best  for 
another  type  of  toljacco  may  Im?  the 
richest  and  most  productive  soil  of 
any  that  we  have. 

Havana    tobacco,    which    means    all 
tobacco  grown  on  the  island  of  Cuba, 
j)ossess<"s  ])eculiar  ciualities  which  make 
it  the  finest  tobacco  in  the  world  for 
cigar   jjuqioses.     The   island    produces 
from  350.000  to  500,000  bales  annually, 
of  which  150.000  to  250,000  bales  come 
to  the  United  Slates  for  use  in  American 
cigar  factories.     The  best  {|uality  of  the 
Cuban  tobacco  Cf)mes  largely  from  the 
Vuelta  Abajo  section,   although    some 
very   choice    tobaccos   are   raised    also 
in  the     Partidos    section.       Remcdios 
tobaccos  are  more  heavily  bodied  than 
than  others  and  are  used  almost  ex- 
clusively for  blending  with  our  domestic 
tobaccos.     While  there  arc  innumeniblc 
sub-classifications,      sui-h      as      Semi- 
Vueltas,    Remates,    Tumbadero,    etc., 
the     three     general     di\-isions     named 
above,    Vuelta    Abajo,     Partidos    and 
Remcdios,   embrace   the   entire   island. 
If  a  fourth  general  classification  were 
to  be  added,  it  would  be  Semi-\'ueUas. 
The  X'uelta  Abajo  is  grown  in  the  Prov- 
ince of    Pinar  del    Rio,  loea'cd  at   the 
western  end  of  the  island.     It  is  raised 
practically  throughout  the  entire  prov- 
ince.      Semi-\'ueltas    are    also    grown 
in  Pinar  del  Rio,  but  the  trade  draws 
a  line  between  them  and  the  genuine 
Vueltas.     Partidos    tobacco,    which    is 
grown   principally  in   the    Province   of 
Havana,  difl'ers  from  the  Vuelta  Abajo 
in  that  it  is  of  a  much  lighter  quality. 
The  Partidos  country  is  famous  for  its 
production  of  fine  light  glossy  wrap])ers. 
Tobacco    from    the    foregoing   sections 
is  used  principally  in  the  manufacture 
of  clear  Havana  cigars.     Some  of  the 
heavier     X'ueltas,     however,     are    also 
used  for  seed  and  Havana    cigar  pur- 
poses.    Remcdios,  otherwise  known  as 
Vuelta-Arriba,  is  grown  in  the  Province 
(if  Santa  Clara,  lix-ated  in  the  center 
ot    the  island.     Tins   tobacco  is  taken 
almost  entirely  by  the   United  States 
and  Europe  and  is  used  here  for  filler 
purpo«'s,  principally  in  seed   'uid  Hav- 
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.uia  ti^ars.  lis  K>-ii'Tiil  rharactiTi-^- 
tics  arc  a  hi^h  flavor  and  rathiT  heavy 
body,  which  inaki-  it  rs|)i'cially  suitabk' 
ff)r  blending;  with  our  dunu'stic  tobaccos. 
!  lavaiia  tobacco  is  packed  and  marketed 
111  bales. 

Preparing  the  Seed  Beds. 

The  first  step  is  the  preparation  of 
the  seed  beds.  For  these  beds  low, 
rich,  hardwooil  lands  arc  .si'lected. 
The  trees  arc  cut  tlown  and  the  wood 
split,  converted  into  cord  wood  and 
piled  up  to  dry.  About  the  middle 
of  January  this  wood  is  stacked  up  on 
skid  poles  and  ij^nitcd.  The  j,'rounil 
is  thus  cleared  by  bumin^j,  the  fires 
beinj;  move*!  from  spot  to  spot  until  a 
sufficient  area  is  cleared.  By  this 
process  all  khiss.  weeds,  brush  and 
insects  are  eradicated.  The  jjround  is 
then  du}j  up  with  hoes  aiH  cleared 
ofi"  and   a   perfect   seed   bed   is  made. 

The  tcjbat'co  seed  is  first  mixed  with 
dry  ashes  in  the  proportion  of  about 
a  tablcspoonful  of  seed  to  a  >,'allon  of 
the  ashes,  and  about  this  quantity 
is  sowed  over  a  square  rod  of  land. 
This  amount  is  calculated  to  supply 
plants  enou.i;h  for  one  acre  of  ground, 
hut  the  f.imiers  usually  double  the 
planting;  .ns  a  precaution  a^jainst  emer- 
Kcncie  ler  the  seed  beds  are  sowed 

they  arc  covered  o\-er  with  cheesecloth 
as  a  means  of  protection,  and  they  arc 
carefully  weeded  and  watered  until  the 
leaves  have  attained  a  IcnKth  of  about 
four  inches.  They  are  then  ready  for 
transplanlins,',  which  operation  bej^ns 
about  the  middle  of  April. 

Fertilization. 

Ill  uu-  i:K-aiiUi!u-,  the  tobacco-jjrow- 
inj;  areas  have  been  prepared  by  i)low- 
in«  and  fertilizing.  The  matter  of 
fertilizati.in  has  l)een  the  subject  of 
much  study  and  manv  experiments, 
and  it  has  tieen  definitely  established 
that  cow  manure  is  one  of  the  best  for 
this  purpose.  This  natural  fertilizer 
is  distributed  on  the  lie'ds  at  tlie  rate 
of  ten  to  twenty  two-horse  loads  to 
each  acre.  In  addition  to  this  from 
two  hundred  to  three  hundred  pounds 


oi  c-arhonale  of  potash,  and  from  two 
thou.s;ind  to  three  thousand  pcjunds  of 
bright  cottonseed  meal  are  employed. 
The  total  ccjst  of  th-s  fertilizer  amounts 
to  about  Si  :o  per  ii  re. 

PLintiiijj, 

After  the  fertilizer  is  well  plowed  into 
the  land  the  ground  is  laid  olT  into 
ridges  aiiout  four  feet  apart,  made  by 
throwing  two  one-horse  furrows  to- 
(.jetlicr.  These  ridges  are  about  two 
feet  in  width  and  arc  flattened  on  the 
top  so  as  to  make  a  level  i)ed  for  the 
younK  plant.  The  fanner  then  meas- 
ures off  and  marks  these  rows  at  inter- 
vals of  1 6  to  18  inches.  At  each  mark 
he  makes  a  small  hole,  and  after  pour- 
ing in  a  pint  of  water  the  ])lant  is  care- 
fully set.  Machine  jilanters  are  used 
for  this  purpose  to  a  limited  extent 

Care  of  the  Growing  Crop. 

The  growers  usually  calculate  on 
finishing  their  planting  about  the  first 
of  June.  The  younj^  plants  are  then 
closel>-  watchcci  ancl  are  hoed  and 
cultivated  at  least  once  a  week.  Tlicy 
are  also  sujiijiied  with  sufficient  water 
to  keep  them  alive  and  ^'rowin^'.  At 
this  stage  of  the  proceediiiKS,  the 
planter  l)e>;ins  to  look  cjut  for  worm  . 
The  butter  womi  is  one  of  his  greatest 
ejiemies.  This  is  a  small  green  moth 
tnat  lays  its  eggs  in  the  bud  of  the 
plant  and  turns  into  a  wonn  two  days 
later.  To  stop  the  ravages  of  tliis 
insect,  it  is  cu.stomary  to  use  a  mixture 
composed  of  some  insecticide  mixed 
with  corn  meal.  A  small  pinch  of  this 
mixture  is  inserted  at  regular  intcrv;ils 
in  the-  bud  of  e;ich  plant  until  the  plant 
is  ncnrl}'  gnnvn. 

When  the  tobacco  is  about  three 
feet  high,  all  such  leaves  as  were  on 
the  plant  when  it  was  first  set  out  are 
picked  off  and  thrown  away.  About 
'his  time  the  cnjp  is  usually  thrc-atened 
by  another  enem>-  known  as  the  hom 
wcjrm.  This  is  a  large,  moiisc-colured 
moth,  which  swaniis  over  the  field 
about  sun-down,  and  deposits  green 
eggs  about  the  size  of  a  very  small 
bird  shot ,  on  the  back  sides  of  the  Ic;i\-es. 
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This  is  a  very  ravenous  insLX-t  anil 
unless  carefully  watched  it  will  devotir 
every  leaf  of  tohaci-o,  lea\inj,'  nothin^; 
liut  the  stalks  slandin;,'.  It  is  removed 
liy  pickitij,'  olT  and  by  insecticides. 

Harvesting. 

About  si.xty  to  ninety  days  afi' 
setting',  the  bottoin  leaves  on  the  pki; 
are  ripe  and  the  ),'rower  is  able  to  renio\i- 
from  three  to  four  on  each  stalk.  Thi> 
is  called  priming'.  The  primer  detaches 
each  leaf  carefully  and  places  it  face 
down  in  his  left  hand,  inspecting;  it  at 
the  same  time  to  see  that  no  womis 
are  carried  to  the  barns.  Upon 
accumulating;  a  handful,  he  jilaces 
them  in  baskets  that  are  lined  with 
burlaj)  to  prevent  injury  to  the  leaf, 
.mil  the  tilled  ba.skets  are  either  carried 
or  hauled  to  the  barns. 

About  this  time  the  i)lants  ha\i 
be^im  to  bud  out  at  the  top.  and  this 
bud.  with  a  few  small  leaves  around  it. 
is  broki'n  otT.  This  process  is  called 
lopping,  and  is  done  for  the  purposr 
of  confininK  the  development  of  the 
!)lant  to  tlie  leaves  below.  After 
top;)in^,  the  priminK  of  the  tobacco  i^ 
c  ()ntinu(>d  for  about  three  weeks,  and 
until  all  the  upper  leaves  of  markelalile 
value    iiave    tjeen    harvested.     In    Ihe 


tni;mlime,  the  suckiTUiK  ha^  to  be 
looked  after,  which  is  the  removinj; 
of  the  small  branches  that  have  a 
tendi'ncy  lo  j;ro\v  out  of  the  main  stalk 
of  the  plant. 

In  the  liams  the  leaves  are  placed  on 
lon^;  tables,  behind  which  stand  the 
,Lrin>;ers.     They  slrini,'  the  leaves,  each 

ejiarately,  on  .strong  cotton  twine, 
.d)out  thirty  leaves  to  a  siring,  spaced 
•  ibout    an  inch   apart.     If   this  is  not 

lone  carefully  and  accurately,  several 
leaves  may  become  bunched  together 
,ind  the  cure  will  thereby  be  im|)aired. 
It  is  attention  to  this  <letail  which  pre- 
\ents  the  defect  known  as  ])ole-sweat. 

These  strings  are  tied  at  either  end 
to  a  tol>acco  lath,  and  the  lath  is  hung 
apon  two  poles.  These  poles  are  placed 
ill  courses  in  the  barn,  at  spaces  of  two 
feet,  one  above  the  other. 

Here  the  tobacco  undergoes  its  i)re- 
liminary,  or  bam  cure,  and  during 
this  j)eriod  the  grower  is  constantly 
on   the  anxious   seat,   having  lo  open 
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iiiul  ill  ISC  his  ciiriuK  Iwusos  a<  curding 
to  thf  chanKos  in  the  wt-atlKT.  and 
to  look  closely  after  the  ventilation 
of  his  CO]  >  in  order  to  avoid  the  develop- 
ment of  stem  rot  and  other  afllietions 
with  wliieh  the  tohaeco  is  threateni'd 
at  this  sl:ii;f  of  the  pfi  n'l'dliii. 


.\  >1AM1  ul     loLALCli  l.N   tlLll  HAND. 

Bulk  Sweating. 

In  <!ue  ciiurse  of  time  the  laths  are 
taken  down,  the  strings  removed  and 
the  leaves  are  f(jmied  into  hands  and 
lied  with  a  string;.  The  tohaeco  is 
then  ])acked  temporarily  in  cases  and 
deli\ercd  al  liiefcnnenlinn house,  where 
it  is  put  into  what  is  known  as  the 
hulk  sweat.  This  consists  of  unifonn 
nilcc    ,.f    lohacco    covered    over    with 


l.l.iiikil^.  and  wliiili  ar<-  lii  i|ti<  iii  Iv 
"  turned  "  in  order  that  they  shall  lure 
evenly  anil  not  iK-eome  to<)  dark  in 
color.  From  the  hulk  sweat  the  tohaeco 
>;oes  tf)  the  sorting;  tahles.  where  it  is 
divided  into  numerous  tirades  of  lenjjth 
and  color.  It  is  then  turni'il  ovit  to 
the   ])ackers,   who  fonn   it    into   bales. 

How   IS  Tobacco   Cultivated? 

As  the  younj,'  jilants  spring  up  and 
l)ev;in  to  urow.  they  are  thiinied  out, 
watered  and  cared  for  until  alon^;  in 
OetoIxT  or  Xovemhir,  and  as  s<K)n  as 
the  weather  hecomes  settled  for  the 
season,  the  little  seedlin^js  are  tran.s- 
planted  into  the  field.  Some  jjrowers 
usi"  shade,  hut  most  of  the  'rvl-iceo  is 
Krown  in  the  o)>en.  The  ;  ■  ■■■  ts  are 
placed  in  rows,  very  much  as  com  is 
planted,  only  farther  a|iart.  The  plants 
are  carefully  protected  froni  weecls  and 
insects,  and  in  December  the  early 
liibacco  is  ready  to  be  harvested.  Here 
the  mcxie  of  procedure  dilYcrs  ;iccr)rd- 
inj;  to  the  di.scretion  of  the  ^'nnver. 
The  ])lan  uni\er.sally  in  vo}.;ue  mitil 
recent  years  was  to  cut  the  plant  down 
at  the  base  of  the  .stalk.  I.:itely. 
however,  the  more  si'ientilic  growers 
harvi'St  their  tobacco  K'radually,  pick- 
in;,'  it  Kaf  by  leaf,  according  as  they 
ripen  and  mature.  The  tobacco  is 
then  allowed  to  lie  in  tlu'  field  until  the 
leaves  are  willed.  The  stalks  lor  stems, 
accordinj.;  to  the  method  followed)  are 
tlien  strimj,'  on  riijvs  or  jhiU's.  so  that 
the  plants  Iv  n^;  with  the  tips  down. 
The  tobacco  is  then  allowe<l  to  li.ui),' 
in  the  sun  until  it  is  dry  and  later 
carried  into  the  barns,  when'  the  poles 
are  susi)ended  in  tiiTS  until  the  burn  is 
full.  Tobacco  barns  everywhere  are 
constructed  with  movable,  or  rather, 
adjustable,  side  and  end  walls  which 
I)ermit  of  a  constant  adjustment  of 
the  ventilation.  While  han^'inj.;  in  the 
bam  the  tobacto  uu<ler>;oes  its  pre- 
liminary c\ire  and  ch.-in^cs  in  color 
from  the  j;reen  of  the  ^rowinj^  i)lant 
to  a  yelloW'ish  brown.  The  climatic 
ehan^^'cs  have  to  be  carefully  studied 
dunn).;  this  process,  if  the  weather 
is  extremely  dry  it  is  customary  to 
keep  the  bams  closed  in  the  dayliniJ 
and  to  open   the  x'en'ilators  at  nij;ht. 
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[•    is  ^;oncraI'.y  (li;-ir:iMr  to  \<'<.\>  iIh- 

ti)l)acfo  l;iirly  clr\-   wiiilo  it    is   utulcr- 

oiii^,'    till-    l>arn    iiin-.     Aitrr    ;i    t'l'w 

\Mvks,  ami  wlii'ti  llu-  liani;iti^;  lohatcu 

has  rtwliiHl  the  |if<>|nT  staj^f  of  inalur- 

iiy,  a  iktIikI  of  dami)  Wfallur  is  lookrd 

lor  so  iliat   the  <lr\-  leaves  mav  In-  ro- 

hamlk-l    wiihon!     injury.     When    tlu- 

k'siriHl  sliowor  nnius  alon^'  llir  toliatro 

■^  strii)]ic<l  off  Ihf  |K>li's  aiifl  ])lair>l  in 

iiihui     llial  is.  in  luaps.  or  \>\\v^.  on  ita' 

iloors   of    tlu'   harns   and    warclvmsis. 

ia«li  iiilf  lic-iiiK  rovfrcd  with  Ulankris 

Ikrc.    iK-iiiK    in    a    toinpait    mass,    il 

Hi<lfr>;<K's  the    cull  nl urn.  or  fi'vir,  l>y 

whiili   il    is   i>rilty    thoroughly   curcil. 

i1k'  color  »h:ni.i;in^;  to  a  ikvpt-r  hrown. 

After  alMrtit   two  wivks  in  ihe  piUs  it 

i-   soric'il.    titil   into   small    humliis  or 

r-rrots.  ami  thi-^i-  in  turn  are  packeil 

in  l)alf>.     After  l>rin^  liali'il  the  tuhaeeo, 

it  allowed  to  remain  uiulisturlietl.  uniUr- 

-oe'S  a  third  eure.  \<y  which  it  is  ;;reall\ 

improved  in  quality      It  is  then  reridv 

fur  the  faetijrv. 


ins  tohaieo  from  the  clirccL  ray.^ 
the  sun.  Thus  the  iipcniUh  proe^..;i 
is  slower.  eausiiiK  Ih'!  leaves  to  v;ro\v 
larv;er  ami  thinner  and  k^s  ^.imrniy; 
and  iK'iiit,'  thinner  and  ks.,  v;tr'imy, 
they  an-  oi  a  li^htir  color  when  fnuilly 
cured.  This  -uthiMl  is  •mjiloyed  tiy 
sotne  ^T  wers  in  ci^a.--leaf  ilistricts, 
such  as  Cuba    I-'-'-i  '  '  ■  't'"'  (■"imeelieut. 


\    1.   l:  ^L■.■  '  l-\ 


The  Shade-growing  Method. 

The  slia<le-L;n>win:^  melllod  is  one  of 
the  iustilulioiis  of  uiodeni  tohaeeo 
euhivation.  The  principle  is  this:  The 
sun,  shining;  on  the  tobacco  plants, 
draws  the  nutrition  from  the  earth, 
and  the  i)lant  riix'us  nuickly,  the  leaves 
having  a  tendency  to  he  heavy-bodied 
and  not  very  lar^e.  To  defeat  tliese 
results  and  produce  large,  thin,  silky 
l..tve^  I'oi-  ci.uar-wrapi>cr  ]Hiri'":^ts.  llie 
growcr  sometimes  covers  his  field  with 
a  tent  of  cheesecloth  or  with  a  latticc- 
wnrU  of  lalliiiU'  which  iivotccts  the  sn 
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How  Are  Cigars  Made? 

Wliile  m.iny  labor-saving  devices 
have  been  inirodu<vd  in  all  branches 
of  lobaccii  niamt!':i<-lure.  it  is  a  curious 
fact  that  in  the  production  of  the  best 
grade  of  cigars,  namely,  the  clear 
Havana,  the  work  is.ilone  entirely  by 
hand.  In  fact,  it  luay  be  .sjiid  that  in 
the  process  of  uiantil'acluring  line  cigars 
exactly  ilic  same  i)rinciples  are  followed 
as  iho-.ic  "f  tw  ■  c  nturics  ng".  Thero 
has  been  "uch  improvement  in  the 
artis:inship  rf  the  worker,  of  course,  but 
m,    ru.V.m-nta-..     change    in    method. 


THL    UkLAT  LA«I.  M:Ci;SSAKV    IN   SIl.F.CnON 


Ii.  till'  niamjfacturc  of  smifT,  chowitii; 
and  piiH;  tohacto,  d^:a^l•tt-•s  ami  ,ill- 
liiliacco  nj,'arcttos,  tiuuliitirry  plays  an 
ini|K)rtant  jiart;  and  nui  !tanic;.l  di'- 
\iirs  aiv  also  ustd  vxtt  tisivily  in  tlu- 
prntliution  of  fivf-crnt  cij^'ars  and  in  tlu' 
>till  liiKlur  j)riiTd  ^.Tiidts  of  part- 
iloinrstic  rii;ars.  stuh  as  tho  st'i-d  and 
Havana.  Sotni.'  of  tlii's.'  appliancis 
arc  almost  lunnan  in  ihc-ir  iiijicniiity 
But  in  fasliioniti^^  tin-  luliac  oof  CuKa 
into  ci),'ars  that  art'  pirffct  in  shai'C, 
in  fonnation  and  in  all  the  ciuah'.ics 
that  pi  to  make  a  k<^k1  cij^ar.  there  is 
no  sut)stituti'  fcjf  the  human  hand. 

l"|H)n  o])eninj;  a  hale  of  tohaceo  the 
workman  takes  eai-h  carrot  out  se])- 
ara'dy,  shakes  it  v,'entlv  to  sejmrate 
the  ••'■s.  and  then  moistens  it.  either 
\'y  di,.|.inK  it  into  a  tuh  of  water  from 
wtiuh  it  is  qiiiekly  runoved  and  shaken 
to  throw  off  the  suq)lus  water  or  else 
hy  s[ira\inK  it  with  a  blower.  It  is 
left  in  this  eondition  over  nii,'l;t,  so 
that  the  loavrs  may  ahsurl)  the  m:)isti;rc 
and  lieeomeunilomily  dampand  pli.iLlc. 

The  lohaeeo  is  then  lunied  owv  to 
the  strippers,  who  remove  the  midril> 
irom  eaeh  leaf,  at  the  same  time  sep- 
arating the  wrapper  from  the  filler. 
From  this  ix)int  '  n  the  treatment  of  the 
wrappers  and  fillers  is  different. 

The  half  leaves  suitaljle  for  fillers  arc 
sprfad  out  ami  placed  one  on  top  of  the 
other,  making  what  are  called  IxMjks. 
These  books  are  jilaced  side  by  side, 
closely  toj^cther,  on  a  board,  an<l  a 
similar  boanl  is  placed  on  top  of  the 
ti)b;icco  to  hold  it  in  iio.sition.  Later. 
it  is  ])acked  into  barrels,  the  tops  of 
which  are  covered  with  burlap,  and 
there  it  urdcrf^ix-s  a  fennenlalion. 
h  is  usually  allowed  to  re-nain  in 
this  condition  for  len  tlays  or  two  weeks, 
when  it  is  rehamlled  and  inspected, 
and  if  found  to  l>e  in  the  rij^'ht  condition, 
it  is  placed  (jn  racks,  where  it  rniiains 
until  it  is  in  just  the  proper  s'ate  of 
dryness   to  Ix,'  ready   for  working. 

The  wrapper  Icax'es.  after  leaving'  the 
hanrls  of  th2  .stripper,  are  taken  liy  the 
wrapiKT  selector,  who  sits,  usu-dlx', 
at  a  bunel,  and  sjircads  out  each  hid, 
ono  on  top  of  the  other,  over  the  ed)%' 
of  the  barrel,  assorting'  thetti  as  to  size, 
crlor,  etc.,  into  several  diiitrent  piles 


or  l)ooks.  E.ach  of  those  piles  is  divided 
into  packs  of  twenty-five  eaeh.  and 
each  lot  of  twenty-live  is  folded  over 
into  what  is  ralle<l  a  "  pad  "  and  tied 
with  a  stiin.  It  is  in  this  fonn  that 
they  jjo  to  the  ei>'annakcr. 

Every  mominjj  the  stf>ek  is  dis- 
tributed amonv;  the  cijiarmakers.  Each 
workman  is  ^iven  eniiU).;h  tobacco  to 
make  a  certain  numlxT  of  ci>;ars,  and 
when  his  work  is  finished  he  mu.st 
return  either  the  full  number  of  cisars 
or  the  etiuiv.'k-nt  in  uiuised  leaves. 

The  tools  of  the  ci>,'annaker  consist 
merely  of  a  sijuare  ])iece  of  h.irdwood 
Iioard,  .'i  knife  and  a  pot  of  (,'uni  traya- 
canth.  He  .sits  at  a  table  tipon  which 
n-sts  the  board,  and  at  which  there  is 
also  a  Kau^e  on  which  the  different 
K'nv,'ths  are  imiiiated.  F.istened  to  the 
front  of  each  table  is  a  sack  or  ixx'ket 
of  burlap  into  which  the  cuttin^,'s  that 
accimnilate  on  the  table  are  brushed. 
The  operator  deftly  cuts  his  wrapper 
from  the  leaf,  fashions  the  tiller  into 
proper  form  and  size  in  the  palm  of  his 
hand  (this  is  knov  as  the  "  bunch  ") 
and  mils  the  toliaeco  into  ci;;ar  form. 
In  winding:  the  wrapper  around  the 
"  bunch  "  the  oix;rator  l)eK'ins  at  the 
"  lightinj,'  end  "  of  the  ei^;ar,  called  the 
"  tuck,"  and  finishes  at  the  end  that 
Kocs  into  the  mouth,  which  is  called  the 
''  head."  A  bit  of  ^jum  tragacanth 
is  used  to  fasten  the  leaf  securely  at  the 
"  head."  The  ci^jar  is  then  held  to 
tlu-  Kauj,'e  and  is  trimmed  sinoothi/ 
off  to  the  proix;r  length  by  a  stroke  of 
the  knife  at  the  "  tuck.""  The  eisars 
are  taken  up  in  bundles  of  fifty  each. 
'I'hey  next  j)a.ss  into  the  hands'  of  the 
selectors,  who  separate  them  into  dif- 
ferent piles,  according  to  the  color  of  the 
v/rafipers  and  who  also  reject  any 
cigars  that  may  be  of  faulty  construc- 
tion, droken  wrappers,  bad  colors  or 
any  other  defects  are  .suHii-icnt  to 
cause  the  rejection  of  a  cijjar.  The 
rejected  t-i^ars  are  known  as  resagos 
("throwouts  ")  or  .seciindo.i. 

From  the  .selectors  the  cigars  go  to 
the  packers,  whose  duty  it  is  to  place 
them  in  the  Ixj.Kes.  and  to  sec  that  the 
colors  in  each  bo.\  are  unifonn,  marking 
the  temporary  color  clas.silicatii.n  on 
each  box  in  lead  pencil.     After  bemg 
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pp. "led,  the  fiUcil  lioxcs  are  ;!Ui  nii'» 
a  i^iU.  ami  s<i  left  Inr  twdve  lnuirs 
or  ..ntil  llie  cit.'ars  lontDnn  soiiu'what 
lo  ihi,  siiaiK.'  of  the  Ik)X  whirh  loii- 
taiiis  ihcm.  t)!!  Ikmiik  riiii<>\cil  frmn 
the  press,  if  to  In-  l>aiiil<<l.  ihi-  iTj.ar.- 
arc  farufullv  rcniovcil  in  laytrs  fnmi 
til  h(3x,  tho  haiid^  aflixril.  ami  thi' 
(•:;;:4rs  replaci-d.  Thf  k'»"'1^  !"■•■■  t'^''" 
I'laird  in  an  air-ti).;hl  vault  to  await 
.hiptnent. 

W'hrn  thf  tiuannakiT  tiis  up  his 
liuu'Uf  of  liftv  ciKars.  he  attaclu-s  to  it 
a  slip  of  \Ki\K'T  upon  which  is  niarknl 
liis  lUinilx-T.  This  j'nahlrs  the  manu- 
facturer to  kect>  an  atvurate  airounl 
of  tlie  numlier  of  eij^ars  nuulc  l>y  eaeh 
workman  ami  also  to  place  the  respon- 
siliilityt'or  any  ilefects  in  the  workman- 
ship. Ci;,'annakers  are  paid  liv  the 
piece,  the  sc.ile  of  wa«es  ran^inK'  fr'Uti 
Sif)  to  Sioo  i>er  thousand.  In  nearly 
every  factory  there  may  ho  foimd 
advanced  apiirenlices  or  old  men  work- 
iuK  at  the  rate  of  S14  per  thou^and 
and  also  there  may  lie  found  skilUtl 
artisans  making  exceptionally  lar^je 
odd  sizes  at  more  than  Sioo  ja-r  thou- 
sand, Imt  tliese  are  ni>l  generally  con- 
sidered in  the  rev:tilation  scale  of  pricis. 
In  avera^,'i's.  tlic  workmen  earn  about 
Si"  a  week  and  make  about  150  cigars 
a  J.iy. 

Just  a  Few  Figures  About  Tobacco. 

The  internal  UMinu'  I'luni  tobacco 
for  one  year  would  build  fourteen 
battleshii)s  of  the  tirst-ilass;  or  it 
would  pay  the  salary  of  the  President 
of  the  l'nite<l  Slates  for  nearly  a  thou- 
sand years.  It  would  jiay  the  interest 
on  the  pulilic  debt  for  three  years,  and 
there  would  l»c  enouj;h  left  over  to  add 
a  dollar  to  the  account  of  every_  savliifjs 
bank  dejiosilor  in  the  L'nited  Slates. 

The  money  spent  by  snnokers  for 
cigars  only,  not  cottniiii^  eij^arettes, 
smoking  and  chewing,'  tobacco  aixl  snulT 
would  more  than  pay  for  the  buildin;: 
of  the  Panama  Canal,  besides  taking 
lare  of  the  S50.00o.000  ])a\d  to  I'lc 
new  French  Canal  Co..  and  the  Kei  ul  lie 
of  Panama  for  jjroperty  and  franchises. 
And  in  addition  to  this  it  would  cover 
the  CI  1st  of  fnrtifvin:^  the  C;nial. 


I  )r  ii  wouM  liuild  a  fleet  of  tliirtv- 
live  trans-.\tlantic  liners,  e.ieh  exaiily 
like  the  lost  Tiliiiiir.  coal  tluin.  pro- 
vi>ion  them  and  ket-p  thtnn  ninnini; 
littween  .New  York  an<l  LivequK)!  with 
a  full  cotnplement  of  pass«-nj,'er*  and 
crew,  .ilmost  indelinitely. 

There  are  j  1 .7  i.S.  14S  ci«;irs  bunu'd  Uf) 
in  the  l'nited  Slates  every  twenty- 
four  hours;    and   .)0(,f)<?  everv  hour; 

an<l    i.S-o*''  ' 

crcry  sct'Ktut 

The  annual  fit  ..(/>(/.*  i  ouMiiupUou  ! 
of  nyars  in  the  l'nited  Slate--,  count-  j 
ini;  men.  women  awl  chililren.  is  • 
ii>ihlv-six  eij;ars. 

If  nil  llif  iifiiirs  smokrJ  i)i  the  Viutcd 
Stitti-s  in  oiu-  yciir  iivrc  put  toiiftlur.  iiiJ 
/,'  cud.  they  u.'ul<{  i^irJU-  the  earth,  at 
its  Uui^est  eireiimlerenee.  tieeiity-t:e(>  times. 
As  TO  Till;  ci'-.\ri.;tti;s.  there  are 
2^,7^6.11)0  of  them  consumnl  in  the 
l'nited  Slates  every  day;  ami  (jS(;.oo7 
everv  hour;  and  i'f),4,Sj  every  mimilc. 
With  every  tick  of  your  watch,  x\hM 
and  day,  tlu'  year  around,  the  butts 
of  J75  stnoked-up  ci>;aretles  are  drojiped 
into  the  ash  tray. 

CiKarelle  smokers  in  the  United 
Slates,  not  eounliiik'  those  who  roll 
their  own  smokes  from  tobacco,  s|)end 
Sbo.(>4^.<t<>(>.,!,<y  for  the  little  p.iper- 
covered  rolls. 

If  all  the  ci;.;arcttis  smoked  in  the 
United  States  in  one  year  were  placed 
.•nd  to  end  and  stoi«l  U])  vertically 
they  would  m.'ike  a  slinder  shaft  rising 
Si3.7'>()  miles  into  the  heavens. 

ff  stritii'^  0)1  <i  u-ire  they  uviilJ  iiiake  a 
eahle  that  would  reaeh  from  the  earth  to 
the  moon  and  back  ai^ain.  with  enoui^h 
left  mer  to  circle  one-and-a-half  times 
around  the  i-.i'he. 

If  this  (luantily  of  tobacco  could  be 
placed  on  one  sicje  of  a  hu^'c  balancing 
scale  it  would  lake  the  coml)ined  weighl 
of  four  vast  annies.  eaeh  army  con- 
sisiing  of  1,000,000  men.  to  pull  down 
the  other  >ide  of  itu-  sc-ale. 

The  weight  of  the  tobacco  consumed 
in  the  United  Stales  in  a  yea--  is  equal 
to  the  wc!;<bt  of  the  entire  and  com- 
l)ine(l  pojiulation  of  Delaware,  Mary- 
land, West  Virginia.  North  Carolina, 
South  Carolina,  (ieorgia,  Florida.  Ten- 
nessct'  and  Alabama. 
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I'M      Mill.     Til     Woimu.     M  XKl.M,     :.li    IJ.Xtk- 
WAKD   TUKN. 


A    U.'.CKWAKD   TUB-N,    BUT   WITHUIT    TWIST. 


The  Stors    in  a 


Finj>cr  I'nnt 


i>..:. 


Our  Fingers. 

'  'M  <)!'  ilk-  mii-t  iiili;>  >liiii;  t.icts 
.ilioiit  onr  liiifjcr-.  i-  that  i\\r\  nuiiilicr 
of  t!ie  li;;m,-ii!  r.uw  irn-|nfiiM'  <>i  alit- 
or sex.  (.•arni-^  in  piT'-on  iiriain  ilfli- 
cati'  nuirkitn;s  Ii\  uliiih  i.Kiiiiiv  can 
l>i-  riailil\  i-ial.ii~lii'il.  If  tlic  iniiiT 
-urlacf  of  till-  liariil  !k'  i-xaiiiiiud,  a 
miinlKT  ui  vtTv  tiiio  ri'ii4\-^  will  In.-  mi-ii 
rntniinsj  in  >!rrMiiti'  ilinilion-.  anil  ar- 
rani^i'il  in  ]>attini-,  tlurr  ln'iiii;  fonr 
primary  lyi«--  ariliiN.  Inuii-.,  wlmrN, 
anil  ioni|M>~ilc-.  It  lia^  liivii  lUinun- 
-irattil  lliat  tin ->■  ]).itlcn:-  |icr-iNi  in 
all  lliiir  ilitaiK  thrnnu'liout  llir  wliuK' 
jicnoil  of  linnian  liii-.  I'lic  im|in-s- 
sion.>.  of  ilir  tnii;(.T-  of  a  mw-liorn  in- 
fant an-  ili^timtK  iraii-alilr  on  llio 
finuT-  of  iIk'  ^aniv'  lur^on  iti  oM  aiic 
'I'lu-  fact  that  tlu'vo  paltcrn-.  on  the 
luilh^  Iti  till-  linin'r^  arc  iliaraclcrislir 
of  aiiil  ■iityiriiitiali'  oni'  iniiiviiinr'1 
from  aiiotluT.  mal.r--  it  an  iiltal  inc  ins 
of  li.xinK  iik'iitit\.    i,\cn  nicn  wliu  look 

*  liriHraxiiius  ami  >t"ry  \>y  the 


so  iiimli  aliki'  that   it    !■>  virtually   mi 
|ios>il)li-  to  ti-ll  oin'  froin  the  other  ~'i 
tar   as    facial    clianuti'ristics   arc   con- 
iirnc<i,  can  be  iilcntiticil  liy  their  tiiiLjcr 
iniliresvion--. 

inmimerahii'  ilhistritio'i--  r.w  hr 
yivetl  of  how  the  iierjiclrators  of 
crime  have  Keen  iileiitirieil  .tii.l  con- 
victeil  liy  lluir  Imi^er  itriiils.  Iinpre--- 
^ions  left  liy  criminal  oii  sneh  ar- 
licles  as  ]ilateil  himhN,  wiiiilow  paiie^. 
ilrinkini;  j,'las>e-,  p.iinteil  woml,  hol- 
lies, cash  lioxe-..  canilles.  etc..  have 
often  siiccessfiilly  snpiilie.l  the  cine 
which  h;is  le'l  to  the  ap|irelH'n>ion  of 
the  thii  f  or  thieve-.  (  iiie  of  onr  illus- 
trations is  tii-t  of  a  chanipau'iie  Iiotlle 
uliicli  was  foiiiiil  em]it\  on  the  <limni;- 
rooin  tahle  of  ;i  lioii-e  which  hail  heen 
entered  hy  ;i  Imrylar  in  I'.irminyhain. 
I'.nirl;mil.  There  wa-  a  i!i-.liiict  im- 
pression of  n  thnmh  mark  on  the  Imt- 
lle.  An  I'lficer  of  the  riirminyhani  (ilv 
I'. 'lice  took  the  lioltle  to  New  So itlaml 

cuurtcsv  III  Sci-milic    \tiuricaii. 


i  I  INCilU    I'RIMS   Ol     1)11  i  IRIM     I'l.DI'l.l     Aki;    DMILkLM 


ll..\>r    UM.   luMl'LLU.    i.Ui-l. 


\  ,ir.l.  Ldiidiiii,  and  within  a  tew  niin- 
iiir-  a  dniilii-aic  ]'rint  wa>  fuuiul  in  the 
iiHi  i<l>.  Thi'  hurj^lar  wa>  arrcstcl  the 
>anK'  oveiiinjj. 

Many  similar  instances  coiiM  ho 
^iven  of  iiow  thieves  have  heen  cau},'iit 
by  hanilhiij,'  hoittes  and  jjtasses.  ( )n 
one  oeeasiiin  a  hnri;lar  entered  a  house 
in  the  We-t  I'.nd  nf  i-ondun.  and  he- 
fore  leavin;,'  lielped  hini>elf  to  a  .l,da-s 
of  wine.  <  Ml  the  tnmhler  used  he  left 
two  lin.ijer  ini]>rints,  ;uid  these  were 
^nhseijuently  found.  u\^im  search  in 
the  records  at  Xew  Scotland  \'  rd.  tn 
he  identical  with  two  impressions  of  a 
notorious  criminal,  who  was  in  due 
cottrsf  arrested  .-md  sentenced  to  lour 
\  ears'  inii>risotnnent. 

\  sonuwh.it  iinu-iome  relic  is  a 
ca-h''..\  which  heir-  the  l>hnred 
thnnili  mark  of  a  man  who  was  con- 
victeil  ol  murder.  The  liox  was  fouml 
in  the  hedroom  of  a  m:m  an<l  his  wife 
wlm  were  murdered  at  l)e)>lford.  Lon- 
don, in  nx^.  'Ilie  cash-hox  was 
laki-n  to  New  Scoilmd  V.iid.  and  the 
impression  iihotoyraphed  ami  en- 
larued.       1  ' 

thr      rrinu- 


w.t    hrotliers.    >;tispected    o*" 
\\,re     arrested,     and     the 


luMl'iiSlTl  •  IMI.riiES  PATTKRNS  IN  WIIKH 
l«o  UK  MlikK  ol-  111K  inUK.K  TVl'KS  \KK 
euMUl.NLl). 

tiaiiuh  print  of  one  was  found  to  i)r 
identical  with  tliat  on  the  li<l  of  the 
hox.  <  >ur  |!hotoj.;ra])h  of  a  i,'ate  re- 
calls a  curious  case  that  i-ecently  oc- 
cupied the  .'ittention  of  a  Loiuloii 
magistrate.  In  this  instance  a  tiiief 
sUicessfully  climbed  tlie  >;ate.  which 
was  ten  feet  hi.t;h.  In  Lis  "itlcnipl  to 
reach  t'e  i;round  on  tlie  inner  >ide  he 
place<l  his  feet  on  the  center  cross- 
bar, at  the  same  time  lioldins;  the 
spikes  with  his  ri.s;ht  hand.  In  this  po- 
sition he  fell,  and  the  riii}^  he  -.^ore  on 
his  little  tinker  caULiht  on  the  sjiike  in- 
dicated hv  the  arrowhead,  i'llis  caused 
him  t.)  remain  su-pended  in  the  air 
until  hi-  \\eii;ht  tore  tlie  linijer  froiii 
111-  hand.  The  rinj;  with  the  lint;er 
w;is  found  on  the  -pike,  aucl  in  due 
eonr-e  w.is  received  at  Xew  Scotland 
^'ard.  An  impression  was  taken  of 
the  lini'er.  .md  search  atnonir  the  re- 
ords  revealed  .1  ■luplicate  print,  whidi 
led  to  the  man"-  arrest. 

If  a  cri-niial  handles  a  iiiece  of 
,-;nid!c  or  retro-.i-i  a  p:me  nf  !.;!:is';  .-ind. 
leaves  these  behind,  it  is  a  hundred  to 
one  he  ha-  left  a  valnnhle  clue  for  the 
police.  The  candle  -hnwit  on  the  fullmv- 


I! 
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-.22         IMI'klSSIONS    MADL   BY    iHI.    IIMiURS  AND   PALMS 


V\l\\\\{\  IMI'RF>^ro\S  of  tt  Hiil  K  II  \M). 
.•■Ilowiv..  II.  «■  li  IS  tOVEKEII  WITH  RlIKiES 
A.NU   I'.VTIl.UNj. 


min 


IIMIIR  IMI'RF.SSIdXS  111-  AV  ()K.\  \1,-11I  TA  VG 
(  WTIIRiinilli  An)  TAKES-  AT  THI,  LdNDuX 
ZOO.      THLV    VVtKK    .MAUI.    UV    ^^UILA.^U    N  .Mill 


iiij;  pagi'  lii-ars  Uw  imiirmi  ..|'  a  man'- 
tliiiiiili.  ami  wa-  I'l.iiiiil  in  a  li.iii-c  uliicli 
a  I)iir};Iar  bail  ctilrivd.  I'a  liandlin,!,' the 
■■andk-.  llic  thief  virtually  M;,-iicd  tin- 
u arrant  I'nr  hi-  ..\mi  arr<-t. 

riif  sy-trin  wa'i  tlr-it  iivol  hy  the 
[iiilii-f  ill  the  I'rovitK-i'  ni  l!cn'^'al. 
Imlia.  at  tlu-  iii'-tiuaiiun  of  Sir  William 
IIitmIuI.  Ii-i  valiu'  was  .•!  uiki-  ap- 
pari-iit.  Tin-  work  nf  the  lonri-  was 
loiisiikTalily  HizhiiiKil.  as  ilie  natives 
r(i(ij,'iii/i(I  that  a  system  of  iiKntirica- 
tidti  hail  heeii  ilisiiivereil  whieh  was 
imlisimtahle.  Tlun  from  the  poliet'  it 
was  iiiiriiihudl  iniu  v.iriuus  hratiehes 
of  the  ]>iililie  -i-rviee.  and  here  ajjain  its 
vahie  was  i|iiiekl\  di-inniisirated.  When 
native  pensioners  died,  for  iitstaiiee. 
friends  and  relatives  per'-onated  lluni. 
and  so  cnntimied  to  draw  their  allow- 
ance-.. By  reeonlin'T  th.e  'd.nfity  of 
pensioners  by  tiii.t;<r  jirints,  this'  evil 
was   (jiiiekly    ^tamped   out 

The    wonderful    Ihieations,     in     the 


'onii  (if  ridges  and  jiatteni-,  w!ii, ' 
adorn  the  jialmar  surface  of  tite  hu- 
man hand.  had.  of  course,  heen  k  mwii 
for  ni.any  years,  Mr.  I'"rancis  I  ialton. 
the  famous  traveler  and  >cienti-t.  w.i- 
perliap-  the  tirst  to  jjive  serious  atten- 
tion lo  the  Mihject  of  fm}jer  prints.  U,- 
•  li-covered  in.iny  interestint,'  farts  aliont 
tluni.  Then,  in  iSj.^,  I'mf.  I'nrkinje. 
of  I'.reslau.  re;i<l  .i  pajier  before  tile 
I'niversity  of  I'.reslau  on  the  subject 
Up  to  this  d.ite.  however,  no  jiractical 
n-e  could  he  m.ide  of  the  impressions 
for  the  want  of  a  system  of  dassitici 
li"n.  I'mf.  I'nrkinje  cert.iiiily  snt;- 
j,'ested  one.  but  little  notice  a]>pears  to 
h.ive  been  taken  of  it. 

Xatnr.ally.  to  be  of  ;iny  value  to  the 
police  or  to  any  trovernment  depart- 
ment, it  is  absolutely  essenti.al  to 
i-las>;ify  the  prim-  in  sucli  a  way  tii.it 
they  couM  be  re.ulily  referred  to  and 
identity  estahli-hed  without  undue  de- 
l.-v.     It  was  \trtuallv  left  to  Sir  W'il- 


HOW  THIllN  E;S  have  BHEN  CALXiHT  THROLTiH  FINGER  PRIMS    C:5 


rH.\MP.\i;XF.     I«)TT1.F.     H  AVI  NT,     TIIIMll     IM- 

I'RivT.  V,  nil  11   I'll  Til   M;m'<T  or  a  piic;!  \n 


lAMiU:    Ml  AHIN..    TUl'Ml;    .%,  Alii;    or     \    i;i|.'.;i    \H, 


CA-ll-nuX  IX  IlF.IlKOdM  OF  MlKliKllll)  MAS'  AND 
Ull-K.  THK  rillMB  IMVRFSSniN-  (rniNTKD 
AT  llV  AKRUW)  LED  TO  ARKEST  01  THE  MIR- 
ULREK. 

li.ini  ilcr^i-hol,  of  the  lii.liiiii  Civil 
Service,  to  invent  a  rcalK'  practical 
sv>teiii  of  cla-^ification,  so  it  may  be 
cUiiiumI  ili.ii  tlie  lin,i,'er-iiriiit  niethdil 
lit  iiiciiiilicatiDii.  as  at  present  ailopled, 
t-  the  discovery  of  an  luiyli^iinian. 
'riien  it  is  oiilv  fair  to  ailil  tiiat  Sir 
l',.l\varil  K.  ll.nr\.  the  C'oniinissioner 
of  the   Melriipi'Iilan   Police  of   Lunilon. 


li.i^  al>o  devoted  niiieh  lime  and  study 
to  the  subject.  His  book.  "Classitica- 
tioii  and  L'ses  of  Finjjer  Prints."  litis 
]i;issed  throut;li  ni.iny  editions,  and  has 
lieeii  translati  d  into  ^evl■ral  foreign 
laniliia.yes. 

Imiiressioiis     are     divided     uj)     into 
four  ili>linct  tyiies  or  ])atteni>.     I'irst, 
we  have  arches  in  which  the  ridj^es  run 
from  one  side  to  the  other,  m.ikin.!,'  no 
liackw.ird    turn.       In    lo()])s.    however. 
Mjnie  of   the   ridijcs  do  m.ike   ti   htick- 
V  ard   turn,   but   tire   devoid   f>f   twists. 
Ill   whorls  some  of  the  rid.i,'es  make  a 
turn  tlirontjh  at  least  one  complete  cir- 
cuit.     Under   composites   tire    inclmled 
I'titterns  in  which  two  or  more  of  ihe 
fiiriner  types  tire  combined  in  the  s.-mie 
imprint.      .\lthont,di    simikirity    in    ty]ie 
!-    of    freiineiit    occurrence,   completely 
"incident     ridue    chtinicteristics    htive 
iu\er  been    found   in   any   two   imjires- 
-^ions.    It  is  not  neces--ary  here  to  enter 
into  a  detailed  account  as  to  how  the 
classiticalion  of  these  wonderfrl  lineti- 
tlons   of   tile   lumum   h.aiid    is   cllected. 
It    is    b;i  cd    on    a    number    value,    ;it- 
ti'ined    b\    .■in    ex;imin:iiion.    liy    means 
of  a  mai;iiifvins;  i;'''^^-  "''  ''i'^'  "deltas" 
;;nd   "cores."   which  break   nji  ;i  cnllic- 
tion    into    ;is    many    .1-    lo-'t    se)i,irate 
|irimarv    q;ron])s,    each    ni    which    can 
.'.irain,    b^•    ;i    system    of    -uli-classifica- 
timi.  he    further   sjilit    nji   into   i|nite   a 
mimlier     of     suh-sroups.       When     the 
I'.ritish  jiolice  discover  fini,'er  prints  on 
tirticles  at  the  scene  of  irinie,  the  latter 
are  at  once  conveyed  to  New   Scotland 
■S'ard.       If    the    impressions    are    very 
f.iiiit.  a  little  ]>owder.  known  to  chem- 
ists as   "Rrcv   powder"    1  mercnrv   and 
chalk),  is  >-prinkleil  over  the  markin.t; 
atid    then    sjentlv    brn^bed    otT    with    a 
eaiViel-hair  brif^h.     This  brings  out  the 
imprint    much    more   clearly.      If   one 
(il.iccs  his  dry  thumb  njion  a  ]iiece  of 
white   paper   no    visible    impression    is 
left.     If  powder,  however,  is  sjirinkled 
ovir  the  spot  and  then  brushed  otT.  a 
distinct  impression  is  seen.    In  the  case 
of  candk";  and  articles  of  this  nature, 
a     drop    Mi     printer's    ink     ;<    "iL;ht'v 
smeared  over  an   imiiression,   in  order 
the   more  'dearly  to   define   the   r!d:j:es 
:md    p.Ttlerns. 


A   SPIKl     IIIM    eAUiHr    A   CRIMINAL 


O.N  THK  SIMKK  •■'. 
AHKnW  )  A  .  K, 
I.I.NC.  WHKli  l.tii   lo  (ll^ 


i;v   AN 
K     AMI 


At  thi'  lioarl'iiKirKT^  of  tlu-  l'iriii>li 
polici-  ;it  New  Sioilaiiil  \,iii|  tluv 
])osst-.s  -|itri;il  i;iliRTas  and  a  ilark 
room  for  |ilii)lo<;ia|iliiiiji;  tlu'se  tluinib 
iiKirks.  Till'  ilark  nwini  i>;  _>i  t'cit  liint; 
and  ~  fci't  \vii!i'.  Winn  I'mmr  prints 
arc  rci|iiirf.|  t'nr  iirn.liK-lioti  in  court 
tlicv  aro  ("ir^t  iiilars,'i''l  live  diameters 
with  .'in  enlartjini,'  lanu-ra.  Tlie  nega- 
tives are  afterward  plaeed  iti  ;m  elee- 
trio  light  eidarging  lantern,  with  wliich 
it    is    possible   to   obtain    photographic 


enlargements  oi  a  thumb  mark  36 
lnche>  sijuare.  The  lantern  is  arrangeil 
I'U  a  >peeially  maile  table  i_'  feel  lung, 
liie  l.mteni  running  between  Irani 
line-.  -i>  ih.it  when  niovcil  it  is  sijuarc 
\Mlli   the  e.i-el. 

I  riiniii.ils  have  naturally  cnmetoilread 
the  value  of  their  thumb  marks  as  a 
me;in>  of  ideiilifving  their  iniivement>. 
Slime  will  try  to  olililerate  the  m.irk- 
ings  by  pricking  their  lingers,  but  so 
far  this  lia>  not  av.iiled  them.  To  suc- 
ces>luily  acc(iinpli<Ii  this  it  would  be 
Uecess.iry  to  obliterate  the  u  hole  nf 
the  ]>almary  impressions  on  the  tip  of 
e,.>  h  linger  of  e.ieh  hand, 

hen  the  sy-tem.  too,  is  far  in 
vance  of  any  other,  jioth  in  rejiabiiiiy 
and  simplicity  uf  wurking.  runipareil 
to  .inthropometry.  for  in-t.-ince.  in- 
vented by  .M,  lUriillon,  in  uhicii  nie.is- 
ureiiient-  of  certain  portions  of  the 
body  ,-ire  relied  upon  as  a  medium  ><i 
identilic.ation.  the  rniger-iiriiU  svstcin 
is  cert.iinly  preferable.  In  the  first 
]>lace,  the  instruments  .ire  costiv  and 
.'re  li.iblc  to  get  out  of  order:  while 
the  measuremeiit>  can  only  be  taken  by 
.1  tairiy  educati-d  person,  and  then  onlv 
after  ;i  sjiecial  course  of  iiKtrnction, 
In  the  linger-print  system  the  .-hces- 
-ories  needed  .ire  a  piece  of  pajier  .and 
ink.  while  any  |iersoii,  whether  edu- 
cated or  not.  .ifter  li.ilf  an  hour's  prac- 
tice, can  take  legible  tinger  ]irints. 
Then  the  classillc.ation  of  the  l.itter  is 
inuch  sim|i!er  .and  readier  of  .access 
than  the  former. 

\t  the  time  of  writing  there  arc 
some  164,000  finger-print  records  in 
the  pigeon  hoks  at  .\ew  Scotl.Uld 
^  .ird.  .and  the  number  now  being 
.added  to  it  is  at  the  rate  of  about  _'50 
weekly.  The  system,  ton,  is  nut  nnly 
in  use  in  ( ireat  I'iritain,  but  in  .all  the 
provinces  of  India,  including  liurma, 
and  in  most  of  the  I'.riti-h  colonies  .and 
ilependencies.  It  is  being  rapidly  ex- 
tended, not  onlv  thrfiiighont  Tairoiie. 
but  .also  through  N'orlh  and  Suulli 
.America. 
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SPEOIH£N    FORU. 


Ttn«  Fr.rm  In  not  Ui  W  lii»n.'d. 


MALE. 


!t,C  R    No 

N.ime_ 
Ali.iscs  , 


Classification  No.. 


28.    MM. 

b2.     II. 


RIGHT    HAND. 


t.^Uiulil    iliuiu'). 


-H.  t'ttre  (iiifcur. 


-I;    Ml, HI-   ^H1J■■^, 


4  — U.  Uiiii;  riuifttr. 


^ 


..— K.  l.iUli.  F.i.|;»r. 


# 


(Fol.1.) 


^ 


«',*-._- 


';*»" 


m 


I  r'oldr>- 


I„,j,r,  ..,  ,,  '     .1  .  ,  L..riL 'i  Llii;  t!;i  t!i.^  rf  of  tti..  la't  joiut  dhall  bf  inime'llatrlv  »'•  ■»!.  i:i    l.latk  liac  iiiarl%'"l  iT..M_i.      I:     1.        ..i'         '     -^    ^-i."' 
litfit  U-  iief.-;tn.'  *  w«'iii.l  print  iii;iy  U'  ti)tfn  ui  tbf  vft.-anl  *[noe  ab^ve  it. 

Wh..n  »  (inirer  I*  nitn^inir  nr  mi  iojiireil  th.il    tl;..   impr.'njtfni  o»nnot  br.  obtairml,  or  i-   Jt?fornie'l   an.i  yu':  i.-  a  tii<l  [uijit.  tht-  diet  »hiniM  1»-  n  it^.l 

LEFT    HAND. 


/'#"! 


r.  — I..  Fore  Fiiiitor.  i  ■'.— L.  MiLldlp  FingpT. 


(Fold.) 


UL-rL.  LiuU-  I'lUftf, 


I 


(Fold.) 


LEFT    HAND. 


RIGHT    HAND. 

Plain  imrr»»i.>ii«  ol  Iho  (uut  finjcn  takun  sinDullaiu-lU'ily. 


o2f. 


nvhi;ri-.  h()m;\   comis  irom 


COMBS  OF   IIONHY  AS  WE    RtCLlVi;   bAME 


The  St()r\    in  a  Honey   Re 


f)F  all  the  insect  associations  tberc  arc 
none  that  have  more  exciie<l  the  ad- 
miration of  men  of  evcr\-  a^'e  or  that 
ha\e  hcen  more  iniiversally  interesting,' 
than  tile  colonies  of  Iheommon  honey- 
bee. 

The  ancients  held  many  alisiird 
views  conccniins;  the  >:eneration  and 
propaj^'ation  of  hees,  helievinj,'  that 
they  arose  from  deca\in},'  animals, 
from  the  flowers  of  certain  plants,  and 
oLher  views  ec)ually  ridiculous  from 
our  presi'nt  ])oint  of  view. 

Where  Does  Honey  Come  From? 

Honey  is  a  stiiky  lluid  collected  from 
flowers  by  several  kinds  of  insects, 
particularly  the  honey  bee;  and  the 
common  hone\-  bee  from  the  earliest 
perio<l  has  l^en  kci)t  by  peojilc  in 
hi\cs  for  the  advantaw  ,-ind  eniovment 
which  its  honey  and  wax  pvcs.  It 
is  found  wild  in  North  America  in  great 


re- 


numbers, storinj^  its  honey  in  holk.w 
trees  and  othir  suitable  loc.-itions. 
but  not  native  to  this  <-ountrv,  havinj; 
been  introduced  in  Xorth  Amc'  a  bv 
[uiropean  colonists. 

The  story  of  the  honey  bee  is  one  of 
the  most  inlerestinK  of  all  stories  of  the 
living  things  found  on  the  earth.  The 
busy  bee  is  the  ideal  example  of  hard 
and  i)ersislent  work  and  has  for  a  long 
time  Ik'CII  thi'  subji'ct  of  interesting 
study  for  \-oung  and  old.  'I'he  bee 
is  one  of  the  busiest  of  all  of  the  world's 
workers,  and  it  is  from  the  honey  bee 
that  we  get  our  exi)ression  "  as  busy  as 
a  bee";  such  other  exi)ressions  as  "  to 
have  a  bee  in  one's  bonnet";  also  such 
others  as  "  quilting  bees  "  and  "  husk- 
ing bees"  are  founded  on  the  known 
activities  of  the  Imney  bee.  The  tirst 
expression  means  "  to" be  flightv  or  full 
of  whims  or  nnerts-,-  motions  '"  which 
comes  from  the  restless  habits  of  bees, 
and  "  quilting  bee  "  or  "  hudkuig  bcc  " 


'  I'ic  tiiK"  l.v  C.urlf  y  if  l;.  k.  R,,.  t  ( ' 
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orii^inatcil  frotn  the  knowlodj^'c  that 
lurs  work  toi;('tlK'r  for  llio  ([lueii.  In 
a  iniillinj^  Ijivor  luHkiii,'  hcea  tnimber 
of  |i"opli'  Ki-'l  toj^i'ltur  and  work  to- 
i;ollu'r  for  a  time  for  llio  Irmu'IU  of 
one  iniliviihial. 

Honey  Is  Produced  by  Bees  which  Live 

1.1  Colonies. 

.\  imIoiu  of  liivs  consi.sts  of  oiU' 
fiinak',  canaille  of  laying,'  okk'S.  calk'd 
till'  (|tR'cn;  soiiu-  thousands  of  uii- 
dcvclonoil  foinak'S  ill. a   iioniialls-  lU'wr 


lav 


-f^  Mi- 


llie workers;    and.  at  certain 


season.';  of  the  year,  many  males,  the 
drones,  whose  only  duty  is  to  mate 
with    the    youn^;    (lueens 


These  dif- 
ferent kinds  of  individuals  can  readily 
lie  reeoL;nized  liy  the  dilferenee  in  size 
of  various  parts  of  the  hody,  so  that 
e\en  the  noviee  at  l)ee-keepin^'  can 
soon  recoK'nize  each  with  ease.  This 
colonv  makes  its  home  in  nature  in  a 
hollow  tree  or  cave;  hut  it  thrives  jicr- 
hai>s  even  Letter  in  the  hives  jirovided 
for  it  liv  m.m.    In  a  modern  hive,  sheets 


i;i  iL  I  i\  nil;  oi'i^n   \ik. 


WHAT   THH    gi  11  ,\    lilA.    DOI.S 


of  i-oiiih  an.-  plaiv.l  in  u.xiili'ii  Iimiho 
wliidi  arc  Iiuiik  in  the  hive-box  in  such 
a  way  lliat  they  can  he  removed  at  the 
l)leasiire  of  tile  bee-keeper.  A  sheet  of 
eoinl)  is  made  up  of  small  eells  in  which 
honey  is  stored  by  the  bees,  and  in 
whiih  e^'KS  arc  laid,  and  voun^;  bees 
develop. 

How    Does    11    Bep    Make    Honey    from 

Flower  Nectar  ? 

in  till'  >!irin.i;  of  the  year  the  culony 
toiisists  of  a  queen  and  workers,  there 
U-mj^  no  drones  iiresent   ;il   this  tiuic. 


ei  1  1  Mm-.K-iii-ii-,^()M  uiiii  \  nil   ••%  11 : 

l.Ml.HT  l\    III1-;  M  I. 

Durinj;  the  winter  the  bei'S  remain 
i|uiti.  and  the  queen  lays  no  ej,'^;s,  so 
that  there  are  no  developing  bees  in  the 
hive.  The  supply  of  honey  is  also 
low,  for  they  have  eaten  iione\-  all 
winter,  and  none  has  been  collected  and 
iilaced  in  the  eells.  As  .soon  as  the 
days  are  wann  enough  the  bees  bepn 
to  lly  from  the  hive  in  search  of  the 
earliest  sjirinj,'  flowers.  From  these 
flowers  they  collect  the  nectar,  which  is 
transformed  into  honcv,  and  pollen, 
whith  they  carry  to  tlie  hive  on  the 
pollen-baskets  on  the  third  !)air  of  Ici^s. 
The  nectar  is  taken  by  the  bee  into 
its  mouth,  and  then  passes  to  an  en- 
largement of  the  alimentary  canal 
known  as  the  honey-stomach,  where  it 
i>  acted  upon  by  certain  juices  secreted 
by  the  bee.  The  true  stomach  lies 
just  behind  the  honey-st(jmach ;  and 
if  the  bee  needs  food  for  its  own  imnic- 


diate  use  it  jiasses  on  tlirou;;h  the  opin- 
ing' l)etween  the  two  stom.u  lis.  ( )|) 
its  arriv.-il  in  the  hive  the  bee  plae»-s  its 
head  in  one  of  the  cells  of  the  i-omb  and 
deposits  there  the  nectar  which  it  has 
carried  in.  By  this  time  the  nectar 
has  iK-en  partly  transfonned  into  hoiuy. 
and  the  ijrocess  is  completed  bv  the 
I'ces  1)\-  fanning  the  cells  to  evai')orate 
I  lie  excess  of  nv.sisture  which  still  re- 
mains. When  a  cell  has  U'en  tilled  with 
the  thick  honey  the  workers  co\er  it 
with  a  thin  sheet  of  wax  unless  it  is  to 
be  t'aten  at  onre.  The  pollen  is  also 
deposited  in  eells.  bu.  is  rarelv  mixed 
uith  honey.  The  little  pellets  which 
I  he  bees  carry  in  are  packed  ti>;htlv 
into  cells  until  the  cell  is  nearlv  full. 
It  a  cell  of  iiollen  be  du),'  out  of  the 
comb,  one  can  often  see  the  lavers 
iiKidc  by  the  different  ])ellets.  this 
lolleclinK  of  nectar  and  pollen  con- 
I  limes  throuKhoui  the  summer  when- 
c\er  there  are  llowers  in  bloom,  and 
cca.ses  onlv  with  the  death  of  the  last 
llowers  ill  tlic, -1111111)111. 

What  Does  the  Queen  Bee  Do? 

Almost  as  soon  as  the  lione\-  and  pol- 
len bcK'in  to  come  in,  the  cjueen  of  the 
colony  begins  to  l;iy  cfj^s  in  the  cells 
of    the    center    combs.     The    title    of 
(luecn  has  been  ^'iven  to  the  female  Ix'c 
which  noniialls-  lays  all  the  ckk^  of  the 
colony,  under  the  supposition  that  she 
.i,'o\;ems    the    colony    and    directs    its 
activities.     This  we  now  know   to  be 
an  error,   but   the  name  still   remains. 
Her  one  duty  in  life  is  tli.it  of  cKK-'av- 
inj,'.     She    is    most    carefullv    watched 
over  by  the  workers.  ;md  is'const;nitI\- 
surrounded   by   a  circle  of  attendants 
who  feed  her  and  touch  her  with  their 
antenn.-e;    but  she  in  no  wav  ilictates 
what  shall  take  place  in  the  hue.     The 
t'KKs  are  laid  in  the  Ixjttom  of  the  hexa- 
gonal cells,  beiiiK  attached  bv  one  end 
to  the  center  of  the  cell.     ThJ  first  c^k's 
laifl    deNeloj)    into    wcjrkers,    and    are 
dej-osited   in  cells  one-fifth  of  an  inch 
across.      As    the    eolonv    incrc'i'^.e*^    :n 
.size     by     the     hatchinK-out    of     these 
workers,    and   as   the   stores  of   lionev 
and   pollen   increase,  the  queen   begins 
t'l   lay   in   larger  cells  measuring  one- 


oiirth  of  an  inch,  and  from  tlie  eggs 
!at(l  in  these  cells  drones  (or  males) 
develop. 

The  CKK'S  <lo  ""^  develop  directly 
into  adult  bees,  as  might  be  inferred 
from  what  has  just  been  said;  but 
aft(.M-  three  days  there  hatches  from  tW 
egg  a  small '  white  womi-likc  larva. 
I-^rr  si'\eral  davs  the  larva'  are  fed  b> 
the  workers,  and  the  amount  of  food 
consumed  is  truly  remarkable.  The 
larva  grows  rapidly  until  it  tills  the 
entire  cell  in  which  it  lives.  The 
workers  then  cover  the  cell  with  a  cap 
of  wax,  and  at  the  same  time  the  larva 
inside  spins  a  delicate  cocoon  under  the 
c:ii'. 


nil-,  yl  ri'N'   \"^i'  I"  K  '<■-'  '"■'  '  ■ 


I   in  I  IN  cMii  u  nm;  micros  dpe. 


I 
t 


£    i 


i 


WHM    DROMS    \U\     (iOOI)    roR 


— 


VVhit   Alt'   Drone  Bees  Good  for? 

The  wtirkir  lir<><«l   lan   at    omc 
■  lisiin^uishfil    from    the 


Irone  brij»<l 
l.v  thV-  fad  ihal  the  workers  phicc  a 
llat  cap  ovir  workiT  hriHxl  and  a  hi^h 

irchod  cap  ovit  drunc  liriKxl;  and  this 
IS  often  a  ^;real  help  to  the  liec-keepcr 
in  enalilinK  him  to  determine  at  one*- 
uhat  kind  of  linnxl  any  hive  e()nt;iins. 

rwenty-iiiie  da\s  from  the  time  the  e),'^,' 
1-  laiil  the  yotmi;  workcr-liee  emiTsie'^ 
from  its  cell!  havin-  .t,'one  ihroUKh  somi' 

•onderful    iransfonnations  during   the 


time  it  was  sealed  up,  this  staK't'  U-inu 
known  as  the  ))Ui)a  sia^e.  For  drone-; 
the  lime  is  twenty-four  days. 

Ahoul  the  time  the  <lrones  Ix'i^Hn 
to  appear,  the  inmates  of  the  hive  hejiin 
to  pre])arc  for  swannin^',  whi<'h,  to  any 
t)ne  watching  thi-  hahils  of  l>ees,  is  one 
of  the  most  iiUerestinj;  Jiin^s  which 
takes  pUuc  in  the  colony.  Siveral 
yoiinn  worker  larva-  are  chosen  as  the 
inatirial  for  (|iieen-rearin«,  j:;cnerally 
located  near  the  mar^,'in  of  the  coml>. 
The  workers  now  l>e>;in  to  feed  these 


W^^f^miatsmms'jstimmvw^ms^^ 


ll"U     \    ^«  \KM    \\\::..    -iiMl-  IIMl.-  '  ■'  >  I   rv     \    ~M  \1.1.    IKl.h    AMI    111  M'    11    "■.  IK    1:V    Us 

\vi.i.,iir. 


I    I 

1  ! 

i 


Ifl 


MOW    Till      tlOM  N     cowl!    IS    M  VDH 


rhosi-n  larv;f  an  cxfra  ainoimt  ,,t  i',h«1 
and  ut  the  saino  linic  thi'  si.Ks  of  iln- 
(ills  ii)nt;!Miin^:  tlicni  arr  nnnxldt'd 
an<l  cnlarK'nl  liy  thf  «Ustnuti'.n  dI' 
sumnmilin'^'  ifil-..  Tlif  c|iK'cn  fnr 
i"val)  ii'll  is  ni'arly  liurizDiiial  al  tlu- 


THK  Il.MI.V  r.RiiWTH  ii|    I,  \kv  K. 

top,  liki"  the  Dttur  (vlls  uf-the  conili, 
and  imiiiTts  l.oyon«i  them:  Inii  iln-n 
the  wnrkiTs  luiistnitt  ani)tl)i'.-  iHirijon 
to  the  cell  into  which  tiie  (|uei-n  lina 

niiivc-;      Tin-    •-   an   a<oni-shapei|   cell 


placed  vertically  on  ih,  .unili,  ai".iii 
as  |ar«e  as  ihrei-  onlinary  cells.  As 
the  cell  is  U'inv,'  l>uilt,  the  nuccn  larva 
conliniu's  to  ;;ro\v  until  ih^-  time  conies 
lor  her  to  \k'  M-alcd  ii|)  and  entiT  her 
pupa  stale.  Altluni^'h  ii  lakes  the 
worker  t\v>  nty-uiie  days  to  complete  its 


U-  'KM    H  <  <  MiJ. 


<lcvelopinenl,  'ii.  .|inii  pa^-.e^  lliroiij^h 
all  the  sta;.;esand  reaches  a  lonsidcraMy 
larj^er  size  in  Inn  sixteen  days. 

In    the   swaniiin},'   season,    at    alioni 
■■ne  the  nc>v  (|iieens  are  ready  lo 


Note  that  the  cells  are  made  in.lepcnaLiU  „I  cadi  otlier.  and  that  it  is  the  refuse  wax,  like  dror,. 
pings  of  mortar  in  bnek-layini;.  that  seems  to  tiimHIe  into  the  interstices  to  till  up. 


CI  IIM'INd    ml     <,>!   I  IN  BliL'S  \\|N<i- 


"..'.:{ 


M.  Ci.  IXTvislii;in's  nu'ilii«l  ui  i.iUiniiK' 
(•|iieens,  for  cagitiK  iir  tlippiiiK  their  wings,  by 
iiiLMiis  of  a  jeweler's  tweezers. 


Tin;  I'Riuii  cii   nil-.  rrnniMi  is  in 
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liave  thfir  wils,  ilu'  old  c|uoc'ii  lojivrs 
thi"  hivo  anil  lakus  with  her  pari  of  the 
workers,  ihis  beinj;  known  as  swami- 
ini'. 

How  Do  Bees  Build  the  Houey  Comb ; 

In    iIk-   hands   of   a   Inr-koi'iKT   tin- 
'KpartinK'  swanii  will  he  put  into  an- 
other hive  pro\-id('d   lie  wishes  to  in- 
crease   the    number    of    his    colonies; 
liut  in  a  stati'  of  nature  the  swann  will 
find  an  oM  hollow  tree  or  some  similar 
place  in  which  to  establish  itself.     The 
lie<'s.  before  leaving  their  old  hi\c,  till 
themselves  with  hcney  until  the  abdo- 
men is  greatly  distended,  and  for  this 
reason  it  is  not  necessarv  for  them  to 
collect  neelar  for  a  (la\-  or  two.  for  ihi'V 
have  other  work  to  do.     Some  of  the 
bees  be^'in  to  clean  out   the  ikav  (|uar- 
ters  and  ^vl  it  lit   for  oeeupaney:    but 
niosl  of  them   bc^;in   the  construction 
of  new  combs.     To    'o  this  thev  sus- 
pend  themselves  in  ctirtams  frorn  i\u- 
lop  of  the  hive,  and  remain  motionles- 
for  .soTne  lime.     The  wa.s  tised  in  build- 
itiK  comb  is  secreted  by  the  worktTs  in 
ei^'ht  small  ixxkels  on  Ihe  lower  side 
of  the  abdomen  while  thev  tlius  haiU' 
in  curtains.     I'inally.  after  enou^'h  wax 
has  been  fonned,  they  bej,n'n  to  build 
The    small    flakes   of   wax    are  jjassi'd 
forward  to  the  mouth,  there  mi.xed  with 
a  sali\ary  secretion  lo  make  thi-  wax 
pliable,  and  then  are  placed  on  the  top 
of  the  hive  by  the  first  ( omb-builders. 
Other   worker;    then    come   and    place 
their  small    burdens  of  wax  on   those 
first  dcpositid.  and  this  continues  unlil 
thi-  combs  are  finished.     There  is  mon 
to  comb-buiMiii}.;  than  the  nuTe  slick- 
inj,'  on  of   wax   ijlates.   however,    and 
nothing;  in  all  bee  in.slmcts  is  more  won- 
derful than  the  beautil'il  plan  on  which 
they   build   the   comb.     The   <elis   are 
hex.iLjonal   in  shai)e.  so  that   each  cell 
in  the  center  of  the  comb  is  surrounded 
by   six  otluTs,     N'or  is   this   the  onlv 
remarkable  thin^'  in  their  architecture, 
for  e.ich  comb  is  composed  of  a  double 
row  of  cells,  the  base  of  each  itll  iK'in^ 
fonned  of  three  parts,  each  one  of  which 
is   likewise   a   part   of  a   scjmrate  cell 
"f  the  other  side  of  the  lomb.     Bv  this 
method    the   bees   obtain    the    >,'reatest 
possible  capacity  for  iheir  cells,   with 


the  least  expenditure  of  wax.  The 
accuracy  of  the  cells  of  the  comb  lias 
in  all  a^os  been  an  object  of  admim- 
tion    of      naturalists     and     bce-kec]  - 

ITS. 

As  soon  as  their  are  .some  cells  coii 
stmcted.  and  even  before  the  cells  an 
entirely  completed,  the  (|ueen  bcK'iiis 
to  lay  cK^rs.  and  the  workers  iK'jjin  to 
collect  the  stores  of  honey  and  pollen. 
They  alsd  collect  in  consiik'rabk  (|uan- 
lity  a  waxy  substance  from  various 
trees,  commonly  called  propolis,  with 
which  they  seal  tin-  in.side  of  the  hive, 
elosinj,'  up  all  openinj^s  exccj.t  the  one 
which  serves  as  the  entrance. 

'I"he  (I'lls  which  are  used  for  the  stor- 
age of  honey  L^enerally  slant  upward 
sliuhlly  to  help  keep  the  honev  fmni 
running  out.  (jueen-eells  are'  mad. 
onlv  when  a  new  (|uecn  is  to  be 
reared. 


EFH-.CT  OK   .\   sri.\(,   Nfc. AK    IHi;  EY 


Chii   11   Bee  Sting? 

It  is  true  thai  bees  cannot  bite  and 
kick  like  horsis.  nor  can  they  hook 
like  cattle;  but  most  peojile,  ;ifter  h;i'-- 
inK  had  an  experience  with  l)«-stin<,'s 
lor  till'  first  time,  are  inclined  to  think 
they  Would  rather  Ik-  bitten,  kicked, 
and  h<«jked.  all  together,  than  risk 
a  repitilion  of  that  keen  and  extjuisite 
an;.;tiish  which  one  feels  as  he  receives 
the  full  contents  of  the  i;oison-baK- 


WHAT 
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What  Happens  When  a  Bee  Stings? 

Al'liT   the    bee    ha>    prmtna>-.l    the- 
flo-h   on   vour  hand,   and   wnrkcd   the 
ain"  so  d'ccplv  into  tho  tlosh  as  to  he 
satisliod,  it  l.i'Kin^  t"  '"'"''  ^'^'^^  '*  '^  '' 
prisoner,    and    to    consi<k-r    moans    of 
escape.     It    usually    Kfts    smashed    at 
al.out  this  sta^;o  of  proeeedmj^s.  unless 
it  sro  eeds  in  tearing;  the  st1n^^-  poison- 
l.a^  and  all     fror     he  body;   however, 
if  allowed   to  do   ihe  work   (luutlv   it 
sel.lom  does  this,  knowing  that  >u(h  a 
proeeediiiK'  seriously  maims  it   lor  lile, 
if  ii  <loes  not  kill  it.     Alter  puling  at 
the  slinu  to  see  that   it   will  not  e.Miie 
(mt.  it  seems  to  eoiisider  the  matter  a 
little     and    then    commences    to    walk- 
around  it.  in  a  circle,  just  as  if  it  were 
a  screw  it  was  K"in^'  '"  '""i  out  ol  a 
1,oar<l.     if  v.ni  will  be  patient  and  let 
il  alone,  it  will  f;el  it  out  by  this  verv 
process,  and  llv  oil  unbanned.      1  need 
i„,l  tell  VOU  that  il  takes  some  heroism 
to  <ubmil  patientlv  to  all  this  maneu- 
vcrin-      TIk'  temptation  is  almost  un- 
>ovcrnable.  while  experiencing;  the  in- 
tense pain,  to  sav.  while  you  K've  it  a 
clii.     ••  There,    vou    little   be-«ar,    take 
lliat,     and     learn     better    manners    in 
future."  , 

Well,  how  does  every  bee  know  thai 
i,  can  exirirate  its  stin^,'  by  walking 
.,n;und  it-  Some  would  say  U  is  m- 
siimt.  Well.  1  f,'wss  It  is;  but  it 
^eems  to  me.  after  all,  that  il  "  sort  o 
nnu-mlicrs"  how  its  ancestors  have 
luhaveil  in  similar  predicaments  lor 
.i^es  anil  ai;es  past. 
Odor  of  the  Bee-sting  Poison. 

XlUT  .mc  bee  has  >Um:4  you,  if  you 
nniain  where  vou  were  slun^,  the 
inell  of  the  poison,  or  .■.omelhniK  else, 
will  be  prettv  .sure  to  ^;el  more  stin>;s 
for  vou.  unless  vou  are  very  careful. 
It  has  been  suK>;ested  that  thisisowniK 
to  the  smell  of  the  poison,  and  that 
the  use  of  smoke  will  neutralize  this 
.;,.,.„t.  Thi-<  prob.iblv  is  so. 
What  Shauia  I  Do  If  I  Am  Stung  by 
-.1   P.pe  ? 

The  blade  ol  a  knife,  if  om-  is  handy, 
may  be  slid  under  the  poisoii-baK,  and 
the'stinK'  lifte.1  out,  without  pressing 
a  particle  more  of  the  poison  mlo  tlie 


wound.  When  a  knife-blado  i.  not 
handv.  push  the  stin-  out  with  the 
thumb  or  tiuKer  nail  in  much  l  '^  saine 
wav      It    is   (luile    desirable    that    tlii- 

stiiiL'  sli""l'l  '"-'  t'''^''"  ""^  '"'  '1"'^'^'>' 
;,^  possible,  for  if  the  barbs  once  ^ot  a 
hold   in   the  flesh,   the  muscu  ar  con- 
tractions will  rapidly  work  the  stm« 
,k-eper    and    deeper.     Sometimes    the 
stiiiK  separates,  and  a  part  ot  it  (one 
,,f  the  spHntcrs.  so  to  speak)  is  lett  in 
the  wound;   it  has  been  su^^ested  that 
wi'  should  be  very  careful  to  remove 
cvcrv  onc>  of  these  tiny  points;  but  alter 
trviuK   many    times   to   see    what    the 
effect  would  be,    I  have  conclu.lcd  th.it 
ihev  do  but  little  harm,  and  that  the 
main  ihin^;  is,  to  remove  the  part  con- 
tainiuL'   the    poison-baK   bctore   it    ha. 
^■mplicd     itself     completely     mbj     the 
wound. 

Why  Ai  e  Some  Races  White,  and  Others 
Black,  Yellow  and  Brown  ^ 
Wli  ,1  ...u  >'al  delennines  \  our  color, 
aeconlinj;  to  Mer^'lield,  a  Cennan  in- 
vestiKator.  Xot  •,<ece,^sarily  lual  you 
vourself  eould  efTect  any  chanKt'  m 
color,  but  vour  ancestors  tor  Ihou- 
siikIs  of  vears  have  uni-o.isciously  been 
inlhicnced  bv  the  food  they  have  eaten 
and  the  drinks  thev  ha\  e  dnmk. 

I'or  instance,  the  ori;;inal  nun  were 
black  savs  Ber^'lield.  Their  ehiet  diet 
was  of  ve<,'et:ibles  and  Iniits,  he  ex- 
plains and  these  same  food  contains 
uiaivanates  that  are  not  unlike  mm. 
Dark  browns  and  blacks  result  trom 
this  combination.  It  is  a  scientihc 
fact  that  nc^jroe'S  who  dnnk  milk  and 
eat  meal  are  never  as  <lark  as  those 
who  eat  ve^,'etables. 

/.-ain,    Mongols  are   yellow  because 
thev  have  descended   fn  m  races  that 
were    fruit-eating,    and    who,    making 
their  wav   into  the   deepest  nooks  and 
widest    plains   of   Asia,  develo,  c.l    into 
shepherds    and   lived    largely   on  milk. 
Of    course   it  is  now  know-ii  that  muK 
cmtains     a     certain      percentaj^e      ot 
chlorine,  and  has  a   decidedly   bleach- 
mii  elTect.     In  the  case  of  faucasians, 
thev  arc  said    to  have   bccinr,e    whi-.c 
bvaddint;    salt    to  their  foods,  which 
common  salt  is  a  strong  ehloridc,  and 
puwcrlul  in  bloachini!;  the  skm. 
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NMiCRn  LEATHER  COMES  FROM 
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The  Story  in  a  Piece  of  Leathei 


Where  Do3r.  Leather  Come  From  ? 

Li;atiii;u  i^  iiia.lc  l.\  tr.aiin.i,'  ilio 
hulys  of  varimis  anitr.als  such  as  the 
calf,  cow  ami  linrsc.  These  arc  the 
principal  animals  froiri  which  we  obtain 
hides  for  nuking  leatlu  lo  make  shoes. 
Before  the  hi<les  arc  fit  for  making 
sIuK-s.  thi'v  must  he  taken  to  a  tanncrv- 
where  they  are  pre[);ir<(l  and  tanned. 

Ill  viewing;  a  tanmrv,  we  enter  first 
the  enonn  nn  hide  house.  It  is  lontj, 
d.imp  anil  dark.  Here  the  hides  arc 
colleeiel  from  all  over  the  world  and 
stored,  awaiting,'  their  turn  for  tannin),'. 
Wi  follow  a  small  ear  of  these  hides 
into  the  heanihousc.  \Vc  sec  the 
hides  l()ad(>(l  into  a  vat.  They  are 
soaked,  resoaked,  softened  and  .split 
into  sides.  This  oneration.  while  sim- 
ple, holds  your   attention    loni.;er  pcr- 


hai)s  than  any  of  the  otiiers.  Several 
hides  after  heiii),'  softene<I  are  ilirown 
over  a  sort  of  s.iw-horse.  the  lot  number 
is  stamped  on  the  hide  in  such  a  m.iimcr 
that  it  aiipears  on  ca<h  side  after  lei ni; 
si)lit.  With  an  unusu.illv  lone  Maded 
knife  the  w.)rbiian  quieklv  cuts  d,,un 
throu<,'h  the  eenttTaivl  the  hides  which 
arc  now  called  siiles.  fal  to  the  fl.'or. 
They  are  next  h<K)ked  toM;etlier  an(i 
pass  on  throu'.;h  vat  after  vat  of  lime 
solution  wiii.h  loosens  the  hair  and 
superlluous  llesh.  At  the  end  of  this 
loni,'  chain  of  vats,  we  .see  the  sides 
aw.iitini,'  their  turn  at  the  first  unhair- 
inv'  ma'-hine,  where  all  the  hair  is 
removed  and  then  to  the  flcshine  ma- 
'-hine. where  the  fleJi  i;  taken  off  ..n,] 
the  side  nrv  attain  loaded  in  a  car  and 
pass  on  to  ..,e  tanyard. 


:■•  .nirlc'sv  (f  r'n.Iiiotl,  Johnson  &  C<\ 


HOW  THE  HIDES  ARE  TREATED 
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\Vr  rc>„n,o  uur  trawls.  foUowins:  a  .-ar  of  sides  troin  Uio  l.oamhouse  o  ho  sole 
Iralu-r  t-mvanl  Thm-  are  al.oul  40  <.i>erali..ns  in  the  lannniK  ol  sole  leallur. 
r  :  u  r  n!:  b  in  .00  .la^  s  U.  pr.Kluce  llrsl  c,ualny  lea  her.  In  the  tan>anl,  we  see 
m  1^     soo  vals.  eaeh  hoUlin,  ,,00  si.les.  wei^hiuK  al-ul. 23  pounds  a,neee^ 

•aeh  vat  eonuuns  al.out  ,000  Kallnns  ..I  li.iimr  at  an  approxnnate  "-^  '  ^  °° 
a     at.      Here  we  see  the  >ides  sl„.ped  over  stieks  and  placvd  ,n  vats  s>x  fe  t  . 

..vhere  thev  receive  the  tanninK.  the  real  tannuv.'  pn.ecss  whieh  preserves  the  t.liu. 
•iviniJ  the  leather  its  Hie  and  lon^  weann^  (luahlies. 

^  Fron,  the  tanvard  we  ,0  to  the  hi,'  wnn.ers  where  the  lu,u<.r  ';-™;;«  ^^^^J^ 
h.des  are  nulled,  dric.l  an.l  loa.U-d  on  ears  for  the  drynv^  k.ft.  where  thex  are  all  .wed 
to  drv  or  se-ason  i.reparatory  to  rolling.  This  lonR  Im,  dni«  is  seet.oned  utl  exer> 
',0  fe'el  into  ehaiihers.  where  the  hides  are  hun^  ni  the  same  manner  as  m  the 
jO  ULi  uuo  wia  ^^^^__      The  temperature  of  eaeh  n Mini  IS 

(han^^ed  from  the  outside  temperature 
to  a  heat  of  115  <U-Krees,  at  whieh  tem- 
l-erature  the  hides  are  d.ied  and  are 
rcadv  for  rollinj^. 

In  the  rollinti  rrMim.  we  see  an  opera- 
tion requiring  skill  and  quiekness  of 
rye.  The  rollers  pass  to  and  fro  over 
«.iie  sidi'.  whieh  is  now  hard  and  still, 
with  a  pressure  of  300  tons.  This 
:,.llini-'  or  fmishinn  jdves  it  a  tiii:li 
lolish  and  we  see-  a  1  eauliful  side  01 
sole  leather,  weit;hinj,'  from  18  to  25 
pounds. 


Jl 


tlu'  aoliial  operation  of  tanning  iIh'  h'u\c.  al»out  iho  same  as  in  the  solo  k-atlK-r 
laniuTv.  with  this  diflVrcnct':  I'upor  Icathor  In  this  tanm-ry  is  K^w-rallv  chroinc 
tannod.  a  procvss  n*(iiiirin.u  ^^o  days  and  instead  of  vats  sunken  in  thr  vrr«>tHid  wt- 
str  liuKo  rolling  drums  R-Vftlvinj:  at  a  rapid  rat*.-.  This  pnxvss  is  the  most  up-to- 
date  method  and  absohitcly  in-^urcs  the  wiarinj^  (|ualilit's  of  the  li-athi-r.  This 
k-athcr  is  vi-ry  touK'h.  y^t  i>  ju->l  as  soft  and  pliaMi-  as  j^lovo  leather  and  as  eoni- 
fortablc  to  tlic  Icct.    It  does  not  harden  with  ac;e,  nor  does  it  stiffen  after  1  tein^^  wet. 


One  of  the  nw'st  interei^tini;  sight 


1  -ul;.! 
rheh.i' 


!•!  I.!..ik 


i-  s«  i.;tr;itLil  int"  v^hitc. 

M.tik  I'iiMfs.  cath  (ulnr 

i-^      thr<'u«h   :hf  hune 

■  !,t'  e  the  hair  is  ■Intil 

Ills  haled.    Tht*  hriAvn 

nre    Sf.'d    to    plustrrcrs, 

)   piirt'hute     ihf     uhitt- 

•  wii!i  wn'A    ami    (is<-   it 

u\  us»-tul  ;4rtii]f>j 

iii'l  triiimiiii«s  art* 

:  I  turi-rs  of  Hhie. 


L'NHATKiNr;  M.\rii: 


wiiiki   siu)i:s  coMi.  \ku\\ 


Tlu-  Ati.i.tU  >.iud.A  .\L>.  -■!  .1-  I'l'  ■""■  '        >■■ 


«:,tl  of  tlK'  niitU'!  '■  "  "1'-  ■•'  Thfbcs,  F-Kypt. 


The  StorN    in  a 

Who  aiade  the  First  Shoes  ? 

I  Ik'  making  of  shoes  is  one-  ol  llif  oLl- 
csi  urls  of  whioh  there  is  any  human 
kn<  iwlodKO.  LonK  t  'i  fore  ]  .riniilivi-  man 
(Icvisi'il  anv  mi'tho<l  of  reconhuK  his 
cxi)loits  or  lhoui;hls,  hv  lontrivcd 
throuKh    nci-essilv-  a   mothcKl    ol    pro- 

toiliiiK  1"^  '''■■^■'-  ''■^^"■'  ^'^'■'  '"""^''  ^^'''•'''  '''' 
hot  sanils  over  which  ho  was  uMi-fd  lo 

travel  in  his  seareh  for  f 1  ami  shclier. 

'Ilial  foot  lovorinK  anlcilalis  clolhniK 
or  ornaments  is  shown  from  the  laet 
that  the  primitive'  savaue  to-.ia\ ,  devoul 
of  elolhinK  or  oniament.  is  ahnost  m- 
variaMv  fountl  wiih  a  emde  fonn  of. 
font  iiroteition  ami  there  is  seareelv  a 
tribe  or  nation  without  it's  traditions 
;,f  ij-.,.  ^\i:v  it-,  mysterious  power  for 
tjood  or  evil. 


Pair  ol   Shoes 


Wiiat    Was    the    First    Foot    Covering 

Like? 

The  lirsl  foot  covering  desised  was 
undoubtedlv  a  simple  fomi  of  sandal— 
a  rouKh  bit  of  hide,  wood  or  plaited 
jjrass  held  to  the  ft«)t  1  >y  means  of  thongs, 
j^-enerallv  brought  up  between  the  toes 
and  tied  about  the  ankle.  This  ft.im 
of  f(K)t  eovcrinu  is  depicted  in  records 
of  the  j^reatesl  anliciuity;  in  the  mined 
temples  at  Thebes  EKypt,  the  ancient 
sandal  maker  is  shown  at  his  task;  the 
Assyrian  bricks  show  the  ancient  war- 
riors and  pi'ople  of  that  time  vveannK 
the  simjile  sandal. 

The  dispersion  of  the  human  rates 
and  the  wan.lerinu  of  tribes  into  colder 
climates  brought  the  necessity  for  more 
thorough    iirotection    I'or   liie    iecl   iuiii 


*  Pirturcs  hv  Coiirtc  y  of  United  Shoe  Macliinery  Co. 
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THi;  LNOLITION  OP  THI:   SANPAL  TO    THI:   SHOE 


:A  ^J^ 


'  /Mki 


AiLiLiu  -  ...iil.il  .in.ivinj;  inu-kcrinR  string  ami 
thonjj.s  ti.r  luiMiiij;  il  on  fmit. 

l>oily,  and  that  this  was  acojiiiplislu^d 
was  shown  in  tho  Kni(hial  incnasf  in 
the  ntinibcr  of  strajts  or  ihoni,'s  whicli 
hilil  tho  siimial  in  place-  and,  in  ihc 
i-oUIlt  diiiiatos.  in  tho  loturivam-c  of 
a  ha"-liko  fiK)t  t-ovorinj,'  traces  a{ 
whiili  arc  foinul  c\cn  now  in  the  Indian 
niocca^in  and  the  foot  covcrin),'  of  the 
hskiino.  In  all  colder  countries  this 
tyi)e  of  footwear  is  still  in  e\-idence,  the 
seam  around  the  outline  of  the  U)ol 
heitv,'  a   relic  of  the   imckerinK'  string 


A    flat    sandal    vvitli    Ml  si,],..     Also   sh'.win); 

■•  I'aln  '■  nr  ^Iiivc-liI;o  s()(.l<  w,,rn  liv  Japaiu-.-, 


coverniL'    to 


which    held    the    lia,i,'-Iil. 
tlu'  foot. 

The  sandal  was  developed  and  adorned 
l)y  the  Cireeks.  hut  it  was  not  until  the 
da\:.  of  the  Roman  l^mjiire  that  any- 
ihinK  approaching'  the  present  foni  iif 
shiK's  was  desit,'ned.  In  this  iieri.! 
a  lonn  of  fcxi  coxcnm;  was  develops  1 
that  was  appropriated  liv  the  Hmpin.r 
and  worn  li>-  him  only-'which  covered 
the  intire  foot  with  the  excejjtion  of 
the  loos. 


THE 

EVOLUTION 

or  THB 

SAN  DAL 

TO   THE 

SHOE 


ANCIIM    AM)    A\(>l)r.RN    lOUMS    Ol     S\M)\I.S 


.m;\ 


Japanese  Astride  or  K  u^;li  WcatliiT  Clog. 


AiKii.-i)L  Tuiki.-l'  liuili  t.lii4-«.r. 


! 


■n,P  rr  '...v   ,r    iN.id  ire   sh.minK   <lf:.rlv  Home  mnc,    s-,:n.!,it  of  SilK-rian   I'c;,sant. 

tr.[cl  .f  the  oriental  origin  o£  this  design.        Showing  puckenng  slnng  and  key  strap. 


JA1V\M>1:      WARY 

\   nrimitive  form   of    fo'it    covcrinR   very 
-oiu'rally    u-ed    by  Japanese   at   the   present 

inne. 


Mcxlorn  sandnl  i-^'ucd  hy  the  Mexican 
r.ovcrnmonl  for  wear  of   soldiers. 


r>M 


THi;  SMOI,   WMKM  THI    CM!  I^CM    WD   I  \U    l<»l^|!M)|i 


The  Boot  Developed  from  tlie  Sandal. 
It   was  I.ut  a  step  fnun   llii-;  fnnti  of 

f(Klt  COVOrill),'    to  the  tMH.t    which  lOV>T»'<l 

not  only  the  foot  hut  the  lowt-r  k-.^.  ;,s 
wi'il  and  which  came  wi.lciv  into  nsc 
aftorwanis    in    the    fonn    of'  ihc  jack- 

1)1  Nit. 

I'p  to  the  fotirtivnlh  ci'ntun  ihcn- 
hail  l)ocn  littlo  in  the  way  of  lU-vilop- 
nicnt  of  f(H)t  covering.  Imi  it  is  well 
estalilished  that  in  the  year  140S  there 
\yere  shoemakers'  ^^niiltls  in  luimpe. 
Some  of  the.so  were  semi-reliijious  in 
character,  the  mnnhers  working  in 
communities  an<l  sharinj,'  in  the  general 
prixluct  of  their  toil,  (niilds  of  this 
l)erio(l  were  very  ,i;encr;iliy  dcilieated 
to  either  Saint  Crispin  or.'^ainl  C'ris- 
I)ianus  (the  patron  .saint  of  shocinakinK'. 
a. id  even  to  this  day  the  birthdav  of 
Saint  Crispin  is  celehrated  in  some  of 
the  lin),'lish  siioemakinK  ^;uilds  on  (k-l- 
oher  25.  The  cerenionics  attending 
the  cclehralion  in  the  olden  davs  were 
of  a  very  elahorale  nature. 

In  the  process  of  time  the  shiKS  lu^jian 
to  lose  the  crude  nature  and  desi,i.;n  in 
which  the  Dark  A^es  h.-.d  held  them 
and  developed  a  style  the  (irst  of  which 
was  apparent  in  the  Kf-i'iual  elonga- 
tion  of   the   toes,    the  cu-lMii!    -.vl    >•, 


I'mad.  as  evidenced  in  the  periiHl  of 
Klizalreth.  and  in  some  in.stames  the 
sh.K's  were  as  liroail  a.s  si.\  inches  at 
the  toe.  They  were  made  of  vc-ivet 
and  were  slashed  to  sliow  the  .satin 
linitiL;. 

Who  Made  the  First  Shoes  la  America? 
The  first  shm-makinj,'  in  Ami  rica  is 
re<orded  when  Thomas  Uaird  ar.ived 
on  the  :^^-eond  voyaj,'e  of  tlu-  .^lay- 
tlower  in  iojS.  Uaird  was  under  con- 
tract with  the  Plymouth  Cotniianv  to 
make  sIhk's  for  the  colonists  and  l>roui,'hl 
with  him  divers  hid<-s,  etc.,  for  this 
purpose.  It  was  recorded  that  in  i(),?6 
a  planter  in  Viri;inia  employed  .si.K 
shoem.ikers  to  make  sIhks  for  his  slavis. 

Tlial  in  the  e.arlv  historv  of  the 
<-ountry  the  art  of  making  sIkks  had 
liecomc  of  consideraliie  imixirtance  is 
shown  I IV  the  \-ery  summary  laws  passed 
liy  the  different  colonies  rejiuIatinK  the 
industry.  Parlidilarly  was  this  ,so  in 
the  Province  of  Pennsylvania  whicli. 
in  i;.'!,  (ilaced  upon  its  statute  hook 
most  drastic  laws  re).,'ardinj,'  the  making,' 
oi  sh(HN  and  re),'ulatin«  the  prices  to 
be  chari;cd  therefor. 

ShoemakinK  in  N'ew  Kn^'Ianil  earlv 
••■■lived   impetus   iVom   the   arrival   (if 


Tin:   CKAKUOW   UK    I'liVK 

have  been  introduced  by  Henrv,  Duke 
of  Anjou,  and  these  shiK's  were  known 
as  "  Crakrows  "  „r  "  Pouliines."  The 
stvlc  finally  ran  to  such  I'.Klremes  that 
etTnrt  was  made  to  stop  it  by  the 
church  and  K"vemment.  but  with  in- 
different success  until  linalh-  its  end 
was  accomplished  by  the  imposine  of 
summary  fines  and  threat  of  excoin- 
munication  by  the  church. 

Immediately   ilie   style   went   to  the 
othc^r  extreme  nnrl  the  tot  >  became  mtv 


one  Phillip  Kinland,  ,1  Welshman,  who 
came  to  Lynn,  .Mass.,  in  rf^O.  He 
was  an  experienced  sho<.'maker  and 
lauj^ht  his  art  to  many  of  the  i^olonists 
in  his  vicinit\-. 

SlKK-niakini,'  in  this  localitv  was 
further  advanced  by  the  arrival  of 
John  Ac  lams  Datryr.  who  wttlcd  in 
Lymi  in  the  year  1750.  Da^'vr  was  a 
celebrated  shoemaker  and  was' enabled, 
Irom  his  own  means,  to  .secure  the  best 
cxrimple<    of    work    fnini    .-ibmad.      He 


THE.  FIRST  MACHIM    HW   MAKING  SHOES 
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pnssc-ssiM!  the  peculiar  (|iiahly  ot  iM'tnu 

.,1,1..  lo  U'ac-h  Ihc  art  to  those  who  rami- 

;;,,Urhisdiarne.  ,.     ,      ,  , 

The  lainc  ot  Ni'W  l>nv;lati<l  maiU- 
sh<K-s  was  due  larKcly  to  the  tea.■lun^;s 
<if  thcs4-  men  and  the  iiidustrv  lias 
continued  l>.  ho  one  of  tlie  i.rst  m 
uni«.rlanee.  In  Massaehusetls  alone, 
acronlin^-  to  the  eensus  ot  i.jio  over 
40  •    r  lent  ot  the  entire  vahte  of  shoi-s 


euslom    for    the 
tiiaker   to   start 
•'  whippiuK    '111" 
iourneyinj;  from 
with  a 
-npi'ly 


in  ih.-  United  Slat.  >  was  prod>i.ed. 

The  vcnnij;  man  of  thi-'  period,  who 
cssiivi'd'to  lean:  the  sh<H-niakiim  trade, 
wasonlinarilv  appn'ntieed  for  a  lenn 
of  si'ven  V.  ars  undi-r  the  most  ni^orous 
teniis.  as  -nown  in  some  of  the  inden- 
tures of  thi'l  perioil  whii'h  are  still  in 
existence.     He  was  iiistnu-te.l  in  I'vory 
part  of  the   trade  aiul,   upon  eoiiiple- 
lion  of  his  tenn  of  servue,  it   \va>  the 
newlv    lleili;<d    shiK- 
what   was   known    as 
eat  " — which    meant 
town  to  town,  living 
l.miilv  whde  making  a   year's 
,u,MMv     of    sh.K'S     fur    ea(h     nuiul.er 
thereof,  and  then  leavinji  to  till  other 
eiiKai^i-mi-nts  previously  mad<'. 

It  was  >.K)n  foun<l  that  the  nrisl.r 
workman  eould  '  lar^;ely  inen 
income  l>v  employing;  other  mc; 
certain  I'lortions  of  the  work,  while 
he  directed  their  elTorts.  and  this 
>,'raduallv  k-ad  to  a  (Hvision  ot  the  labor 
and  was  the  be<„'innini;  of  a  laetory 
svstcnn-  which,  has  hcen  in  process 
of  development  from  that  time. 

In  the  vear  i7<;,^  H  '^  recorded  that 
there  were  in  tlv  city  of  Lynn,  Mass., 
over  two  hundn  d  master  workmen, 
emplovini;  over  six  hundnil  jouniey- 
men  and  that  they  maiiulactureil 
sli.H-s  at  the  rate  of  ahout  one  pair 
iier  (lav  per  man. 

I-;i,torv  building's,  as  thi>  w<)rd> 
would  h'v  known  to-day,  were  prac- 
ticallv  unknown  at  that  time  1  he 
small'  huildiiiKS.  about  ten  feet  .-iciuare, 
were  in  the  back  vards  of  many  homes 
and  in  thesi'  little  shops  were  employed 
from  thri'e  to  ei^ht  men. 

SiianKc  as  it  iiuiv  seer-:.  pn=--r  to  tho 
year  184s  there  had  been  little  change 
in  the  "liH)ls  employed  in  making' 
shoes.  The  worknnan  of  that  period, 
seated    at    his    low    beni'h.    used    prac- 


licallv  the  same  implements  thai  were 
emplmed  bv  his  prototyiK-.  the  ancient 
.san.lai-n.aki-r  of  IC-^yiit .     The  lap  stone. 
Ihv  hammer,  the  crude  lu-edle  .iiid  the 
knife  beitv^  practically   the  only  to.)ls 
used.     N'-t    that    there    h.td   \>ven   no 
elTort    to    Tiorfect    machinery    for    this 
purpose;  Napoleon  I.  in  his  endeavor  to 
secure    Ix'tter    shoes    for    his    soldiers, 
had  otTered  ^'reat  rewai<ls  for  the  per- 
fecting of  sh<K-  machinery  that  would 
accomplish  this  i.urpose.  but  althoui^h 
.-re.it  I'tTort  ha.l  been  made  there  had 
U'cn  no  successful  -nachinery  pOHluced. 
In  this  vear  1H45  the  first  machine  to 
be    widelv    adopted    by    the    in<liistr>- 
was  pi-rfecled.     It  was  a  simple  forrn 
,,f    rollinu    machine,    which    t.«)k    the 
place   of   the   lap   -^tone   and    hammer 
usimI  bv  the  shm-makers  for  touv;heninn 
the  leather,  and  it  is  sjii.l  that  a  man 
could,  in  half  an  hour,  obtain  the  same 
results  from  this  machine  that  would 
n-(|Uire  a  dav's  labor  on  the  part  of 
the    hand    workman     miiiloymu     the 
old  method  of  poundinj;. 

This  was  followed  in  1S4S  by  the  very 
important  inv.  ntion  by  Elias  Howe 
of  thi-  sewiiiK  machine—  which  was  not 
■idapt.-d  for  use  in  connection  with 
si-winj.;  leather  until  several  years  later. 
It  started,  however,  an  era  of  srcat 
;  livitv  amon^'  inventors  and  in  i)^$7 
there  was  perfected  a  machine  for  dnv- 
inj,'  pens,  which  came  into  successful 
operation. 


The  Fust  Machu.e  for  Making  Shoes. 
This  was  shortly  followed  l>y  a  ver\- 
important    invention    by    L\-man    E. 
Blake,  of  Abinjiton.  Mass..  of  a  machine 
for  sewing  the  soles  of  shoos  and  this 
atti-rwards    became    famous    as     the 
•■  McKav  Sewinf:  Machine."     This  in- 
vention of  Hlake's  was  purchased  by 
C.ordon  McKav.  who  spent  larRc  sums 
of  monev  in  perfecting  it.  and  the  first 
machine'  was   established   m    Lynn   in 
1.S61.     The    results    obtained    in    the 
early  sta^;es  of  the  machines  were  of 
an  [nditTerent  nature  and  it  was  only 
after  lar^'c  expenditures  ami  the  hinnj; 
of  a  number  of  difiercnt  inventors  to 
work  upon  il  thai  a  successlul  machine 
was  produced. 
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iiuiimi'd  liy  luandliu  turcrs  to  be  a 
siu'i*'  -.  fi;w  had  any  failh  in  iho 
pusMt)ililv  of  nianufartunnn  shot's  l.y 
iiKuhiiuTv  an<l  Mi  Kay  tncl  with  (on- 
staiil  n-l)UlTs  in  liis  iMuloavor  to  intro- 
diiif  his  machinr.  It  is  monk'tl  that 
m  his  (k'siKTation  he  finally  olitrt'd 
to  sell  all  Iho  i-atont  riKhts  in  madiincs 
which  ho  ownoil  to  a  synduato  of 
Lynn  tnanulaolurors  for  the  sum  of 
S-'.qo.ooo.oo  the  amount  ho  had  cx- 
;M.'iidod     hut  the  olTor  was  refused. 

Ill  his  dilemma  .\UKay  at  last  ollored 
1,,   sh.K'  manufaiturers  the  use  of  his 
iiia<hines  on  a  hasis.  whieh  afterwards 
U'lamo  famous  and  an  inherent  part  of 
the  shot-  imlustrv  known  as  "  royalty," 
whorohy   McKay   placed   his  machines 
with    nuinufacturers    and    i)artieipale(l 
to  a  small   ostenl   in   the   amount   of 
monev  s;iveil      Owin^  to  the  fact  that 
shoemakers    were    leaving    rapidly    for 
the  front  and  that   there  was  a  v;reat 
scarcilv  of  fiKitwcar.  the  manufacturers 
Uladlv  acce|)lc<l  this  proposition  and  the 
machines  were  verv  rapidly  introduced. 
The   success   of   his   early   machines 
accomplished.    McKay    set   about    the 
ix-rfcclin^    of    others    that    would    do 
ilitTerent  parts  of  the  work  and  there 
was  accordiii'^lv  K^cat  activity  on  the 
part  of  inventors  in  their  endeavor  \n 
perfect  machines  for  the  wide  \anct.\ 
of  uses  made  necessary  in  the  prepara- 
tion of  leather  for  slKKiuakinK-     There 
were  soon  machines  on  the  market  tor 
a  wide  varietv  of  purposes-  including 
tlie    lastiii}.;    of    the    shoe,    ctutinK    the 
Ir.ither  and   for  many  other  jirocesses 
iiccess;irv  in  makm.t;  a  complete  slux'. 
Contemponirv    with    tlic    earlv    suc- 
,,  -,,  ,,|  the  M.K:,v  machines,  a  I'rcnch 
nixmlor.   .\uj,i;-t    Dcstoiiey,   conceived 
tlic  i<lea  of  makitiK  a  machine  which 
would  si-w  turned  shoes-  then  a  po|.ular 
type    of    footwear    lor    women.     After 
several    vears    of    endeavor    he  fiiiaHy 
secured  'the    interest    o     John    I  latum, 
a  famous  shoemaker  of  that    time  in 
New  York  Citv,  and  throu^'h  him  the 

Ulterer.t   <n    »._  !i.'. • 

of  (loodvear  of   In.lia-niM'cr  lame. 

Xo  sooner  had  the  iiuuhiiie  liccimie 
()erfeeted  for  tlu'  sowing'  "f  turned 
shtws.  however,  than  he  set  to  work  to 
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vclt  shoes.      (The    we 


It   sluK'  has 


sew  Ww  - 

always  been  considered  the  highest 
type  of  shownakinn.  as.  by  a  very 
inj;onious  pnxess.  a  shoe  is  made  whi<  h 
is  t)erfoetlv  smooth  inside;  all  the  other 
iviics  having  a  seain  of  thread  or 
tiieks  inside  which  make  tncni  of 
eonsiderahlc  disadvanta^jo.  He  was 
able  to  aeconiplish  this  a  few  years 
later.  althou^;h  the  machines  were  not 
in  extended  use  until  about  iS.,.?. 
when  auxiliary  machines  for  jierfonii- 
ini,  iin|)ortant  p.irts  of  the  work  were 
jicrfeeted;  and  ^njin  that  time  head- 
way was  made  in  the  manufacture  of 
this  hi^h  ^;ralle  tvpe  of  f<M)twear. 

The  development  of  the  industry- 
which  has  been  very  rapid  with  tli'- 
introduction  of  machinery  sutTered 
materially  in  the  latter  part  of  the 
last  centurv  through  the  bitter  rivalry 
of  machiiicrv  matnifacturers,  a  eonimon 
process  beii'it;  the  enjoining;  of  manu- 
facturers from  the  use  of  machines  on 
which  it  was  claimed  the  patents  were 
infringed  and  this  created  a  state  of 
j;reat  uncertainty  in  the  minds  of  many 
of  those  manufacturing  shoes. 

This  conilition  tinally  found  its  solu- 
tion in  the  fonnation  of  one  lar^^e  eor- 
piiraliun.   kimwu   in   the  shoe  industry 
,i;  the  "  Lnitrd  Shoe  Machinery  t'om- 
pany,"    which    purchased    the    !>atcnls 
f,)r   a    saOicient    number   of   machines 
to    fonn    a    complete    system    for    the 
"  bottfHiiini;  "-    or   fastenin;^'   the   soles 
and  heels  of  shoes     and  tini.-.hin!;  them. 
These  machines  have  been  the  .sub- 
ject of  constant  improvement  and  others 
have  been   perfected   to   take   care  of 
operations  which,  prior  to  their  intro- 
(lurtion,  were  ]iurely  hand  operations. 
l-ach   machine  has  been   standardized 
and  so  adapted  to  meet   the   require- 
ments of  those  used  in  connection  with 
It  that  thev  collectively  fonn  the  most 
remarkablJ    and    ellicient     systtnn    ot 
machines  used  at  the  present  time. 

Mention  is  maile  of  this  company 
owinj;  to  the  important  position  it 
has  taken  in  the  or>;anization  and 
advancement  of  llie  indu^iiv,  ti.e 
Amcrii-an-madi'  shcx;  hcinK  the  one 
coinnuxlitv  of  world-wide  consun^ption 
whose  supremacy  is  not  contested. 


.Is 


\\N     L\I)\'S    SI  ll'I'KWS   or    L\H\.\     11  MIS 


I  MHK<>ll>hKI.I>    KIIIIMi    ll'H.I  I   MliK"lli|.KI  l>    KIPIM'     lll">l 
WliKN    UN    XIMII  I  -  111  KIM.  I  RUM      I'l.k-IA     ill      Allul    1 

I.\-l       ll\\  -      Ki       T'll  l^ll  I."!?!) 

iNDi:rKM>K^i  i: 


I   K'l    \1    II    (  All      llnill     M  Mil. 
IN      M.tt      NuKK      I  ll\. 


^^mi 


..\i'\  -   -ii"i.     I'l.Kiipi)  III-   Till;  I  Ki  \i   I 

Ki;\c)Ll  IlllN 


i.Aii\  >  -11.11.     li-.kruii  1)1-   1 .11  I  -   \  w. 
Ila~  wiKuliii  luil. 


I-ADY  '-    Alif.l  All)   OK    SIDK   l.\<i:i)   s||i  ir       PI  k|n|.    l.SVi    I'l    |K7() 


THF.   BEQINNING    OF   A   SHOf: 


il'.i 


nil.  ia:..iNNiNc.  ■■>■    \  -iiuk 


How  Shoes  Are  Made  by  Machinery 


A:-  Uu'  pn---.  'it  tinu'  the  tvp^'S  n\ 
shoos  (ir(linari'>  inado  art'  lail  live; 
ihc  "  po^;  "  shoo,  which  is  the  clioapest 
ty;io  of  shoo  niado;  iho  "  sian<lanl 
scrow,"  whioli  is  usoil  in  tho  solos  oi 
thr  hoaviosl  typos  of  boots;  tho 
■•  MoKav  sowod."  whioh  is  made  atlor 
tho  fashion  osialihshod  l>y  Ciordon 
MoKav;  tlio  "  mm  "  --hoo.  a  lii;ht 
typo  of  sh(«  whioh  was  invontod  oon- 
tiirics  a.k'o  '<^nd  whii'h  is  still  worn  at 
this  tinio  to  a  liniitod  oxtonf.  and  tho 
"  (ioodvoar  wolt."  whioh  has  boon 
uiiivorsally  adoplod  as  tho  hi.;hosl 
t\  jio  of  footwear. 

I'or  this  reason,  this  tyi)o  of  sIuk-  has 
Loon  si'loolod  to  show  tho  methods  em- 
ulovod  in  makinj;  shots. 

tin:  CooDYiiAR  Wfi.t  Siioi:.-  A 
Coodvoar  Well  shoe  in  its  ovolution 
from  ihe  enihryonio  stato  ,n  whioh  it 
is  "mere  leather  ar.d  ihnad  "  to  tho 
oompkto'd  pro<h:ot,  i)assos  throu^;h  one 
hundre<l  and  six  dit'foront  nairs  of  hands 
and  is  ohliKed  to  eonfonn  to  the  n-- 
(iuiremonts  of  fifty-eii;ht  different  ma- 
ehines,  eaoh  perfomiinj,'  with  utiyioldinK 
a-ouraoy  the  various  operations  for 
w.iuh  tiiov  were  dosivjnod. 

It  mik'h't  seem  that  in  all  this  muUi- 
plieitv  of  operations  contusion  w-onld 
oei-ur.  and  that  the  many  details  and 
speoitioalions  r'".;ar(linK  materia!  and 
,)(.^;,rn  of  anv  :i  lot  of  shoos  in  proc- 


ess   of    manufacture     wouM     become 
hopelesslv     onian^loi!     with     those    i>i 
similar  Ins  undoruoin^'  'he  same  opera- 
tions.    Hut  such  is  not  the  ease:    lor. 
when  :,n  or.ler  is  received  in  any  modem 
and  woll-or^'anized  factory,  tho  factory 
manaKomont    promptly   take    tho   pro- 
caution    to    see    that    all    the    details 
roKardiuK    the    s.amplos    to    which    tlio 
finishoil  product  is  t<i  confonii   are   sol 
down  in  tho  order  bool .      ICach  lot  i.s 
Kivon  an  order  nunil'or  ami  tins  numVier, 
toKOthor  with  the  dilails  affivtin^,'  the 
propaiation    of    the    shoo>    upper,    are 
writtiMi  on  ta^s-  one  for  each  two  do/.on 
.shoes-   which  are  sent  to  the  foronian 
of  iho  cnittini;  room.     (  Hhers  containing; 
details  roK'ardin^    the    s.^lo  leather    a-o 
sent   to   the   s.ilc   leather   room,   wh.io 
a  third  lot  is  made  .nil  for  tho  KUidanee 
of  the  foreman  of   the  makin'4  or  bot- 
toming: rfwm,  when  the  different  jKirts 
which'    have     rccoive.l     .attention     and 
been   prciiared   aceordinK   to   specitioa- 
tions  in    tho   outtinj;    and   sole  leather 
r.)oms  are  rcadv  to  be  assembled    \ot 
tin-  inakinK  or  Ivottomin^  proeess.     It 
till'  ta;,'S  whioh  wore  sent   to  the  cut- 
ting; rivim   w.TO  followed,   it  would  be 
found   that  on   their  veceipt   the  fore- 
man  of    this   department   fi>nired   out 
Iho   .niiomU    and    kind   ot    leather   re- 
quired, the  kind  of  linin^js,  stays,  etc.. 
and  that  the  leather,  toi^olher  with,  tho 
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tags  which  >;ave  (iiriTUons  rrj^anlm^' 
the  <izc,  etc..  was  s'^nl  to  one  ut  the 
ojKTalorsol  tlif  Ideal  CHtkiiiK  Maihinc. 

This  inaihiiu'  has  hecMi  pnviouiuiil 
one  of  the  most  important  innovations 
that  Iiave  been  inade  in  the  shoi'  manu- 
facturing; inilustry  durinf:  recent  years, 
as  it  iierl'onns  an  operation  which  has 
heretofore  successfully  withstiKxl  every 
attempt  at  mechanical  aid.  Prior  to 
its  introduction,  the  cultin;.;  of  upper 
leather  was  accomplished  by  the  use  of 
patterns  made  witlt  metal  edj^cs.  which 
were  laid  upon  the  leather  liy  taitter. 
who  then  ran  a  .small  sharp  knife  alont; 
the  ed^'cs  of  the  pattern,  ciitlin};  the 
leather  to  eonfonn  to  it.  This  was  a 
slow  and  laborious  process,  and  if 
prcat  care  was  not  taken,  there  was  a 
tendency  to  cut  away  from  the  pattern; 
and  in  many  c:ises,  throuj^h  some  slip 
of  the  knife,  the  leather  was  cut  beyond 
the  re(iuire<l  limi!  . 

This  machine  has  a  cutting  board 
very  .similar  to  those  whiih  were  used 
by  the  hand  worlanan  and  over  it 
is  a  beam  '.vhich  lan  be  .swun^  eitlu-r 
tt)  the  rij,'ht  or  to  the  left,  as  desired, 
and  over  any  jiortion  of  the  board. 
Any  kind  of  skin  to  be  cut  is  placed 
on  the  board,  and  the  operator  jjlaces 
a  die  of  unusual  desi^-n  on  it.  (Inispin;,' 
the  handle,  which  is  a  part  of  the  swin^;- 
inK  beam,  he  swin;;s  the  be.ini  over  the 
die.  and  on  downward  jiressure  of  the 
h.andle  a  clutch  is  cn^aKed  whi  h 
brin>,'S  the  beam  downward,  prcs.^nl},' 
the  die  through  the  leatlier.  As  soon 
as  this  is  aci'ompli.shed,  the  beam  auto- 
matically returns  to  its  full  heij,'ht  ;ind 
remains  there  until  the  handle  is  a^ain 
l)re  -ied. 

The  dies  used  are  but  three-<iuarters 
of  an  inch  in  height  and  are  so  li^I.i 
that  they  do  not  mar  the  moht  deli- 
cate leather  when  placed  ujion  it. 
They  enable  the  operator  to  see  elearl.- 
the  entire  surface  of  the  leather  he  is 
rutting  out,  and  it  is  obvious  that 
the  pieces  cut  by  the  use  of  any  K'ven 
die    must    be    identically    the    siune. 

After  the  dilTerent  parts  reciuired  by 
the  tan  have  been  cut  out  by  the  opera- 
tor of  the  Clicking  Machine,  some  of 
the  edges  which  show  in  the  finished 
shoe  must,  be  skived  or  thinned  down 


to  a  beveled  edj;c.  Tins  work  is 
pcrfonned  by  the  Am.izcen  Skiving 
.Machine— a  wonderful  little  machine 
in  which  the  eiige  to  be  skived  is  fed 
to  a  .-iharp  revolving  di.sk  that  cuts 
it  down  to  the  desired  be\el.  The 
machine  does  the  work  in  a  very 
cHicient  manner,  conforming  to  all  the 
cur\-es  ajid  angles.  This  skiving  is 
done  in  onlcr  th.it  tlu'  edges  may  be 
folded,  to  give  the  jiariicnku"  edge'  i  ti 
which  it  is  pcrfonned  a  more  finished 
;ipi)earani-e.  The  skivetl  edges  are 
then  given  a  little  coaling  of  cement  and 
altK^'rwards  foMi-xl  on  a  machine  whii  h 
turns  back  the  edge  and  incidentally 
iwunds  it  down,  so  that  it  presents 
a  very  smooth  and  finished  appearance. 

Aside  from  the  work  of  ski\ing  toe 
caps  and  folding  tlicm.  there  is  generally 
a  series  of  orn.imental  perforations  ciit 
along  the  edge  of  the  cap.  This  h 
done  ven,-  often  by  the  Power  Tij) 
Press,  by  means  of  which  the  jnece  to 
be  pertorated  is  placi'd  inidtT  a  series 
of  clies  which  cuts  the  perforations  in 
the  leather  according  to  a  predeter- 
mined design,  doing  the  work  all  at 
one  lime.  The  niunber  of  designs 
used  for  this  ])uri)use  are  many  and 
varied,  combinations  of  tlilTerenl  sized 
perforations  being  worked  out  in  in- 
numeraiile  designs. 

On  one  of  the  lof)  linmgs  of  each  shoe 
there  has  been  stamped  the  order  num- 
lier,  together  with  the  size  of  the 
sh(X'  for  which  the  lingings  were 
intended.  After  all  the  lingings  have 
l<een  prepared  in  accordance  with  the 
instnictions  on  the  tag,  tlicy,  in  connec- 
tion with  tlie  various  parts  of  the  shoe, 
receive  attention  from  the  Stitchers, 
where  all  the  dilTercnt  parts  of  the  uppi  r 
are  iniitcd.  The  work  is  perfoniiid 
on  a  range  of  wonderf\iI  machines 
which  perform  all  the  dilierent  opera- 
lions  with  great  rapidity  and  accuracy. 

At  the  completion  of  the.se  operati(;ns 
the  shoo  is  ready  to  receive  the  eve- 
lets,  which  are  plac-cd  with  remarkable 
s|K-ed  and  accur.acy  by  the  Duplex 
ICyeletting  Machine.  This  machine 
eyelets  b(,th  sides  of  the  shoe  at  one 
time  with  bewildering  nipiditv.  The 
eyelets  are  securely  placeil  and  ;iccu- 
rately   S[);iced;     and    as    Injlh    sides    of 
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tht"  upp'-T  are  cyclcUcd  at  one  tiim-. 
tho  eyi'Ic'ls  arc  ijlacoil  clircclly  opi)ositc 
caih  olhcr,  which  j^rcally  helps  Ihf 
tittiiiK  of  the  shoe,  as  thereby  the 
wrinkling;  of  the  shm-  ui)i)er  is  avoid-Ml. 
With  llie  completion  of  this  operation. 
the  preparation  of  the  shix,'  upper  is 
linisheil,  and  the  dilTerent  lots  with 
tlieir  ta^'s  are  sent  to  the  lioltoniin;^' 
riKini  to  await  the  eoniinj;  of  the  dif- 
feren',  '•')le  leather  jxirtionsof  the  sIkx  . 
Tiu'se  ''-iv  been  un<ler^,'oin^'  prepara- 
tion ...  the  sole  leather  r(K)m,  where 
on  reeeiiil  of  tat;  the  foreman  has  ^iven 
<lireeiions  for  thi-  pri'paralion  of  out- 
soles,  insoles,  counters,  Ux-  boxes  and 
heels,  to  eonfonn  with  the  rcqaire- 
nients  of  the  order. 

The  soles  are  rou^lil\-  dwd  out  from 
sides  or  sole  leather  on  lar^c  Dieinj;- 
out  Machines,  whii'li  ]iress  heavy  di<'s 
down  through  the  leather;  but  to  make 
ihcm  eonfonn  exactly  to  the  re(|uircil 
^hai)e,  they  an-  Kt>nerally  rounded  out 
cin  a  machine  known  as  the  "  Planet 
Roundini;  Maihine,"  in  wliiih  the 
rou.Ljhly  died-out  piece  of  le.ilher  is 
held  between  clamps,  one  of  whii  h 
is  the  exact  pattern  of  the  -nU'.  ( »n 
starting  the  machine,  a  little  knil'c 
darts  arouad  this  pattern.  (Utiin^  tlic 
sole  exactly  to  eonfonn  with  it. 

The  outsole  is  now  passeil  to  a  hea\'y 
Koilin;,;  Machine,  where  it  is  subjected 
to  tons  of  ])res.sure  between  heavy  rolls, 
'''his  takes  the  jilace  of  the  hammering 
which  the  old-time  shoemaker  K^ave 
his  IcathtT  and  brin^;s  the  libres  very 
closely  tof^ither,  j;reatl\-  increasinj;  its 
wear. 

This  sole  is  next  fed  t(<  a  machine 
cilKd  the  "  Summit  Spliliint;  Maihinc 
M'l.Kl  M."  which  reduces  it  to  an 
exactly  I'vev.  thickness.  The  insole 
which  is  ni.idc  of  \iry  much  li^;htrr 
leather  i->  prei)arcd  in  nnich  the  same 
tnann  i ,  and  in  this  way  it  will  be 
notii'  '■  that  both  the  insole  and  out- 
sole  are  reduced  to  an  absolutely  uni- 
fonii  ihii-kness. 

The  insole  also  receives  fiirth'  r 
preparation;  it  is  channt-led  on  t.ie 
CiofKlyear  '^Miannelinj;  Machine.  'Miis 
machine  cuts  a  little  slit  alon^  the 
edire  of  the  insole.  extendinR  I'lout 
one-half  inch  low.irds  it    center,    ii  also 


I'Uts  ;i  small  channel  aloni;  the  surface. 
The  lip  which  has  been  fonned  by 
the  (loodycar  Channeling  Mach  ne  is 
now  turned  up  on  the  Goodyear  Lip 
Tnrnin),'  Machine,  so  that  it  extends 
out  at  a  ri^ht  angle  from  the  insole, 
forming  a  lip  or  shoulder  against  which 
the  welt  is  sewed.  Th.e  cut  which  has 
been  made  on  llie  surface  insidi'  this 
liji  sers'cs  as  a  guide  for  the  operator 
of  the  Welt  Sewing  Machine,  when 
the  shoe  reaches  ihat  stage. 

The  heels  to  be  used  on  these  shoes 
have  also  been  fonned  from  different 
lifts  of  leather  which  are  eeniemcd 
together.  The  heel  is  then  pkced 
imder  great  i)ressure.  giving  it  I'xact 
fonn  and  grcath'  increasing  its  wear 

The  counters  are  also  ])reparcd  m 
this  room,  as  well  as  the  toi'  boxes  or 
stitTening,  which  is  placed  between  the 
toe  cap  and  the  vamj)  of  the  .shoe. 
When  these  are  all  completed,  they  arc 
si'nt  to  thi-  making  or  bottoming 
room,  where  the  completed  shov  upper 
is  awaiting  them.  Here  a  wonder- 
fulb-  ingenious  little  n:achine  called 
the  "  1-insign  Lacing  Machine,"  passes 
strung  twine  through  the  eyelets  and 
in  a  twinkling  lies  it  automatically. 
This  is  done  so  that  all  i)arls  of  the 
shoe  will  be  held  in  their  normal 
position  while  the  sho?  is  being  made. 
The  knot  tied  by  this  machine  is  per- 
fi''-t  and  is  ])i'rfomied  with  niechaniral 
exactncs;..  ( )n  high-g-ade  shoes  this 
Work  was  fonnerly  per^'onncd  b\  hand 
.and  it  will  be  readily  recogni/i  d  how 
dillieult  it  was  to  obtain  uniformity 
The  spread  of  the  upper  at  tin-  throat 
can  be  regulated  i)erfectly  wlu  n  this 
m.ichine  is  used.  The  ditUrciU  jiarts 
of  the  sluH'  now  ciiiiMiicncc  to  come 
togctlicr.  The  workman  places  the 
toe  box.  or  stilTening.  in  the  proper 
loialion  as  well  as  the  counter  at  the 
heel.  ;ind  draws  the  U])pcr  o\er  the  last. 
To  the  bottom  of  this  last  has  already 
iieen  tackeil  by  means  of  the  L".  S.  M. 
("o.  Insole  Tacking  Machine—  which 
drives  tacks  automatiially  the  insole, 
which,  it  will  be  noticed,  confonns 
exactly  to  the  shape  of  the  bottom  of 
the  last.  This  last,  made  of  wood,  is  of 
the  utmost  importance,  for  tijion  the 
last  depends  the  sli:ipe  of  the  .^hoc. 
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Opcmliir  l(K.atc'S 
l>aik  scam  <if  upper 
■  ■n  last.  Macliine 
drives  twii  talks 
vvhiih  hold  it  in 
plat-e. 


The  shoe  as  completed  up  to  this 
[Miiiu  with  the  par; s mentioned  fastened 
lof^elher  as  shuwn,  is  now  ready  for 
assemhHnK.  The  workman,  after 
iiladn^  the  last  inside  the  shoe  upper, 
puts  it  on  the  spindle  of  the  Hex 
AssimlilinK  Maehine,  where  he  t;ikes 
can'  th.it  the  seam  a*  the  heel  is 
l>rn|.iTly  iocated.  He  pressi-s  a  foot 
lc\er  and  a  small  taek  is  driven  i)arl 
way  in,  to  hold  the  upper  in  jilaee. 
He  then  han<ls  it  over  to  the  operal'ir 
oi  ilie  Rex  I'uIlii.^,'-Over  Maehine. 

This  maehine  is  a  very  important 
one;  for  as  the  parts  of  the  slxx"  ui)i)er 
have  been  cut  to  exactly  eonfonn  to 
the  shajie  of  the  last,  it  is  neeessjiry 
that  they  should  he  correctly  iilaced  on 
the  last  to  secure  the  desired  results. 
The  i)ineers  of  this  machine  ^rast)  the 
leather  at.  <lifTerent  points  on  each  side 
(if  t!ic  toe;   and  the  operator,  standinj,' 


Draws  shoo  upper  smootlily  down  to  last- 
Openitor  adjusts  it  so  that  each  seam  occu- 
pies lorrect  position  on  last.  Machine  auto- 
matically drives  l)ack  to  hold  it  in  place. 
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II  a  position  from  whicli  he  c;in  sec 
when  thi'  upiHT  is  txaclly  leiUcrcd, 
jiR'SM  s  a  foot  levrr,  the  pincors  close 
and  draw  th(  leather  securely  against 
the  woimI  of  the  last.  At  this  point 
t!'.'  operation  "i  the  machine  halts. 
By  moving  dif1\  rent  levers,  the  work- 
man is  alile  to  adjust  the  .shoe  upper 
iccurai  U',  so  that  each  i)art  of  it 
lies  in  the  exact  position  it  wa  intended 
when  the  sh'  was  designed.  When 
this  important  ojK-ration  has  licen 
comi>leted.  the  ojK-ralor  a^'ain  i)resses 
:\  fi«)l  lever,  the  jjincers  move  toward 
1  other,  ilrawinj^  the  leather  securely 
uiir  he  last,  and  at  the  same  time 
liiere  ire  driven  aulomaticallv  twM 
tack's  on  each  side  and  one  at  tlu-  im  . 
whiih  hold  the  upper  securely  in  pi)..i- 
ii(in.  These  tacks  arc  driven  hut 
part  way  in,  sn  ihal  the.  nia\  he  al'UT- 
ward  ri'iiuni'd. 


the 


■rk.     It 


fonns  this  part  of  llie  v. 
wo'iderful  to  observe  how  evenly  and 
lif^hilv  it  chaws  the  leather  annmd 
the  last.  At  each  pull  of  the  ])incers 
a  small  lark  dnven  autntnatically 
part  way  in  holds  the  edi^'e  <if  the  ujjper 
exactly  in  place,  so  that  in  the  finished 
shoe  every  part  of  the  upjier  has  been 
stretched  in  all  directions  ei|ually. 
The  toe  and  heel  of  the  shoe  are  con- 
.sidered  i)articularly  ditliciil!  portions 
to  last  properly.     This  imiioriant  part 
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i.;i.st   sidi'S  lit   shix.'. 


The  ^llOO  is  now  ready  for  lasting. 
This  is  one  of  the  most  ditlicult  and 
iniporlant  i)arts  of  th(>  sliocmakiiiK 
proi-ess,  for  upon  the  siucess  oi  this 
oi)eration  depends  in  a  j^reat  measure 
the  heautv  and  <-omfort  of  the  shtx-. 
The  ('onsolidated  Hand  Method  Well 
Ltistin^  Mad  line,  which  is  used  for 
this  purpose,  takes  its  name  from  the 
almost   human  way  m  which  it  pcr- 
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La.st  t(if  and  iR't.-! 
of  shoe. 


of  the  work  is  now  bein;.;  very  ^'oncr- 
all\  peri'onncii  on  the  U.  S.  M.  Co. 
Lasting;  .Matliine — \o.  5.  a  machine 
of  what  is  known  as  the  "  bed  type." 
It  is  proviiied  with  a  series  of  wipers 
for  toe  and  heel,  which  draw  the 
leather  simultaneously  from  all  diri'C- 
tioiis.  ThiTe  can  be  no  wiHnkles  at 
till'  'oe  or  heel  of  shoe  on  whi<'h  it  is 
proprrlv  used  and  the  (iualit\'  of  work 
produced  by  it  ha-  been  very  ^,'eiierally 
reco>;nized  as  ;i  distinct  adv.ancc  in 
this  important  part  of  .shorniakinK- 
After  the  leather  has  been  brou^;ht 
smoothly  around  the  toe  it  is  held 
there  by  a  little  tape  fastene  '  on  each 
side  of  the  toe  and  which  is  held  s<,'curely 
in  jjlace  by  the  .surjjlus  leather  erlmpled 
in  at  this  point.     The  surplus  leather 
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crimi>Ic><l  in  at  tlu'  turl  is  forced  stnoullily 
down  aijainsi  iho  insolo  and  held  there 
l>y  t.icks  driven  Iiy  a  very  iiij;enii)iis 
hand  imji  in  whieh  tlierc  is  a  consiamly 
renewed  -apply  of  lacks. 


1  ri'i  R  ~t  \ri.iNi 

MACUINK 

romis  small  st,: 
pics  fpmi  win'. 

Hi  Ms  shoeupfK  : 
to  h\>  of  ins:ile. 


In  all  of  the  laslin},'  oi)eratiom.  the 
tacks  are  driven  Iml  part  way  in. 
except  at  the  heel  i)()rtion  of  the 
shoe,  where  they  are  driven  lhro«>;h  the 
insole  and  clinched  on  the  iron  heel 
of  the  last.  The  tacks  are  driven  only 
jiart  way  in,  in  order  that  they  may  he 
aflcnvard  withdrawn  so  as  to  leave 
the  inside  of  the  shfx;  perfectly  smooth. 
In  makinj;  shoes  other  than  ("ifxxlyear 
Welts,  with  the  exception  of  the  (lood- 
ycar  'i'nrn  Siioe.  it  is  necessary  to  drive 
the  tacks  throii^^h  the  insole  and  clinch 
them  inside  the  shoe,  so  that  the  dif- 
ferent portions  of  the  sole  inside  the 
shoe  have  dinched  t;ieks.  These  are 
left  even  after  the  shoe  is  finished. 
This  smooth  interior  of  the  shoe  is 
one  of  the  essential  features  of  the 
Goodyear  Welt  Process. 

In  the  laslinj,'  ojjeration  there  is 
naturally  a  sur]»lus  .imount  of  leather 
left  at  the  Umj  and  .sometimes  ar(jun<l 
the  sides  of  the  shoe,  .md  this  is  removed 
on  the  Rex  Upper  Trimming  Machine 


HI  which  ,1  hitk'  knik  ^ ;,;  .  .,..,.  \\,i 
surplus  portion  of  the  lealhir  very 
smoothly  and  evenly,  and  simultane- 
ously a  small  hammer  operating  in 
eomu'ction  with  the  knifi'  p  mnds  the 
leathi'r  smooth  alon;;  the  sidrs  ;ind 
the  to*.'  of  the  shoi'.  The  shm'  tlu'ii 
pas.ses  to  the  Rex  i'otmdin^'  M^ichinc, 
in  which  a  hammer  poimds  the  leather 
,ind  counter  aromid  the  heel  so  th:it  the 
still  portion  of  the  shoe  confonns 
exactly  to  the  shape  of  the  last. 


I  I'I'I.K    1KIMM1M, 
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'I'rinisi.fT  surplus 
part  of  --liiio  iip|KT 
.•mil  liniiij;. 


I'iiL  ..hue  is  now  rea<ly  to  receive  the 
welt,  which  is  a  narrow  strip  of  leather 
that  is  sewed  .ilonj,'  the  ed|,'e  of  the  sIkk', 
i)e^'inninj,'  where  th"  heel  is  jilaced 
and  ending'  at  the  .siime  spot  on  the 
opposite  ed^;e.  This  wilt  is  sinved 
from  the  inside  lip  of  the  insole  so 
th.il  the  needle  i)a,sses  ihr.ni^'h  the 
lip,  upper  and  well,  uniliiii,'  all  three 
securely  and  allowinj^  tin-  wilt  to 
])ro..:d"  venly  alonj;  thi  ed^*'.  The 
needle  in  making  this  stitch  does  lujt 
j^o  inside  the  shoe,  hut  jiassi-s  through 
only  a  ]>firtion  of  the  insole,  leaving  the 
inside  perfectly  .smooth.  This  jxirt  of 
the  work  was  fonnerly  oic  of  the  most 
ditlicull  and  lahorious  t;isks  in  sh(H-- 
makiuK-  As  it  was  perfonned  entirely 
by   hand,   the  drawiti},'  of  t-ach   stilih 


I 
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(Irpciiiliil  iipipii  iln-  .■,'iivnj;'-l'  i"iJ  luiiiwl 
(if  thf  workiu.m.  It  is  of  cotirse 
oliviuus  that  with  diift-rcnt  operators 
>,litilics  wcri"  ofliTititnt's  of  different 
linKllis  and  drawn  at  dilTerent  ten- 
sions; fur  human  nature  is  much  the 
same  ever\\vhere.  and  it  is  impossible 
for  a  workman  wlio  has  labored  hard 
all  day  to  draw  a  stitch  with  the  same 
ivUMo'n  at   ni^hl   as  mii:lu   have  been 


possible  in  l!u-  iin.niin'. 


ivcniv  and  li^;luly;  for  the  machine 
never  tires,  and  it  draws  the  thread 
as  strongly  in  the  evening  as  in  the 
mominK-  Every  completed  movement 
of  the  needle  fimns  a  stitih  of  ^rcat 
strennlh.  which  holds  the  welt,  upper 
and  insole  securely  toKclhcr. 

As  the  lasting;  lacks  as  well  as  the 
tacks  which  hold  the  insole  in  i)lace 
on  the  last  were  withdrawn  just  ])rior 
I.,  ilii     n-.cralion,   it    \' ill   1  ■■     ctii   that 


WEl.T    AND    TCKM.I)    SHOE    SEWINC,    MACHINE 

Upper  i,..rtion  sliows  operator  at  marhinc.     The  lower  sliows  formation  ami  location  of 
stitch  fonrc'l  !■>■  tliis  machii  e. 


ft  is  suri)risinj;  how  r|nickly  and 
easilv  the  work  is  done  on  the  Good- 
year Well  Scwini;  Macliine.  This  fam- 
ous machine  has  been  the  Icadinp; 
factor  in  the  ^reat  revohilion  that  has 
laken  place  in  s'..oe  manufacturing;, 
lis  work  should  be  carefully  noted — 
all  stitches  f)f  equal  length  an(i  meas- 
ured automalically,  the  strong  linen 
thread    tliorotii'hlv   wnxcd    and    drawn 


the  inside  of  the  shoe  is  kit  perfectly 
smiM.th.  After  this  process  the  sur- 
plus portions  of  the  lip.  upper  and  v.  elt 
which  prolnidc  beyond  the  stitches 
made  bv  the  Goodyear  Welt  Machine 
are  trimmed  ofT  by  the  Goody..ar 
Insea..!  TrimniinK  Machine— a  most 
efTicient  machine,  in  which  a  revobing 
cup-shaped  knife  conies  in  (-ontact 
with  the  surpli's  portions  of  the  ieathcr 


I»l  niNCi  THI   (iROl  NDCORK  AM)  Rl  [{IJIIR  CIIMLNT  IN  SMOI  S 
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IS^I   \M    IKIMMIM. 
MM  kim;. 

'Iriins  sliipeiiinnr 
^ininj;  iiml  lip  of  m- 
■  If  smooth  down 
I  o  stitches. 


iiiiil    trims    thinu    olT    very    smoothly 
ilovvii  to  Uu'  slilch'S. 

At  tliis  st;i^:c  the  shoe  is  passed  to 
the  Universal  Writ  Beater,  in  whieli  a 
little  haiiinur  vibratin;:;  very  rapidly 
ln'ats  tile  Wilt  so  thai  it  stands  <nu 
e\inly  from  the  side  of  the  shoe.  .\> 
the  lialher  is  l>eiil  around  the  toe,  it 
is    the    iriinral    tendencv    of    the    will 


IU-;itswcItscilh;it 
ii  stamls  out  ovonly 
round  edge  of  shoe. 


to  draw  innre  tightly  at  that  place, 
.md  this  is  taken  care  of  by  a  littli- 
knifi'  whic'h  the  ojuTalor  forces  into 
operation,  in  the  iK-alin^  (iriM'ess.  tin- 
t(H'  is  hein).,'  t.iken  can-  of,  and  it  makes 
a  series  of  little  cuts  diagonally  alon^.; 
the  ed^e  of  it.  The  insole  and  welt 
now  receive  a  coatinv;  of  nibber  ci'inent. 
This  cement  is  eonl.iined  in  an  air- 
tight tank  anil  is  applied  by  means  of 
a  revolving;  bnish,  which  takes  its 
supply  of  cement,  as  rciiuired,  from  a 
can. 

In  this  wav,  an  even  coating;  of  any 
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\V'irk,ii;in  l:nks 
shank  in  (ilacc  and 
fills  Ixittom  with 
ground  cork  am] 
rubber  cement. 


■  md  welt.  This  inaeliine  lias  ni;inv 
aihanlaKes;  the  cenu'nt  beinK  closely 
iiinlined  in  the  tank,  there  is  almost 
no  waste  in  'Is  use.  Fonnerly,  when 
I  his  was  done  bv  hand,  the  was'e 
'hnni,i.;h  evaporation  or  l.ick  of  care  on 
tlie  part  <;f  the  workman  was  very 
material. 

The  heavy  oulsole  of  the  .^h(R'  also 
receives  at  this  time  i^rojxT  attention. 
The  flesh  side  of  this  sole,  or  the  side 
next  to  the  animal,  receive;-  a  coatin^j 
of  nibbcr  cement,  and  after  it  has  dried 
slightly  the  operator  of  the  (ioodyear 
Inij. roved  Twin  Suie  Layinj.;  Machine 


f 
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MACMIMS    wm^ll    IM    I      nil     >()I.IS    ON    SMOLS 


l'ri<H-.i'iits<jli' 

I..     Irtrlli   111       Clf 

I'M  I  y  niMuT 
tLint'iit. 


i.iko.,     Ihc     work    in     iiaiul.     In     tins 
iii;i<hiiU'    tluTC    is    :i    nilibiT    pad,    or 
iiicmld.  wliii-li  has  lut'ii  made  Id  I'on- 
fnnii  to  tlif  cuni-  in   lla-  si>U>  of  tin- 
sh.K.".     AfUT   plai-inn   the-   last   on   ihc 
siiindlf,   wliicli   is  susiK-ndud   troni   the 
niailiini'   and    han^s   oviT    the    nihlKT 
mould.    Ur-   ouisik-   having   \<w\\   ^rv- 
\inii^ly    pri'ssi'd    a>;ainsl    ihr    bottom 
of  the  sh(K',   the  operator  l>y  ]>n'ssinK 
the    foot    lever    eauses    this    ann    to 
descend,    foreinj;   the   shoi-   down   int() 
I'll'   motilil.   so   that   every   (lortion   of 
the  sole  is  pressed  against  the  bottom 
C.I     the     sh.K'     and     uelt.      Here     they 
are  allowed  to  remain  for  a  sutlieient 
lrn;,'lh  of  time  for  the  eetnent  to  prop- 
erly set,  the     iHTation  beinn  repeated 
on"  a  duplieale   part   of   the  maehine 
the   operator   li'avini;   one   shoe   under 
pressure  while  he  is  preparinK  another. 
The  next  ojieralion  is  that  of  trim- 
ming;  the  sole  and   welt   so  that  thev 


.V.8 


SI.\\|N(i     rHI     SOI  I     TO    THI".    SMOf: 


will  |.|..iMi.l<  .1  uinicinji  iii->taiuc  tniiu 
tlio  ciIki-  111'  ilio  sIkk-.  This  work  is 
[HTfiiniu'd  nil  till-  (liHxlyoar  L'niviTsiil 
R'Hii^h  K.niii.lin;,'  Mai  hiiic.  which 
KtiiLjis  thi-  (listaiKO  cxaitly  fnmi  tin- 
f<l.L;c  of  ihc  last.  It  is  ofirn  (Ifsireij 
ti)  haw  the  i'«I;;i'  oxtonck-ij  furtluT  mi 
Uu'  oul-ii.lc  uf  till-  shiK-  than  it  <1cks  on 
tlu-  in-iilc  and  also  that  the  width  of 
llu'  i'd^;i'  should  Ik-  «-onsidiTalily  rt-- 
duci'd  ill  tlu'  shank  of  ilu-  sIkk-.  This 
is  taken  care  of  with  ^^n\a  arairacy 
l>y  thi-  tisi-  of  this  niaihiiu'.  Tin- 
oiKTalor  i^  ahlf  to  I'liatij^c  tlii'  width 
at  will.  Uy  till'  iisi<  of  this  n-niarkalile 
tiiachinc  the  operator  is  also  enahlcd 
to  make  the  sole  of  the  sIhk-  confomi 
exaetly  to  all  others  of  similar  size 
and  desi''n. 


M  WM  r     iiri  \r\i. 

M  \'    lllNh. 

'iuni-;  [i,u  k  lip  i.f 
iaiinclpro[);ir;itiiry 
■  stitiliint;. 


The  Miri.lus  i.drlion  of  the  leatiuT 
is  now  iriinined  oil  on  the  lleel-Seat 
koundinK'  Maehine,  and  the  channel 
lut  Iiy  the  knife  on  the  RoiiKh  Round- 
iiii;  Machine  is  turned  uj)  so  that  it 
I  'avcs  the  channel  open.  This  is  done 
1)\-  the  ('i(H)dyear  I'niversal  Channel 
Openinj,'  Machine,  in  which  a  little 
wheel,  turning'  very  rapidly,  lays  the 
lip  smoothly  back. 

The  outsolc  is  now  sewed  to  the  welt. 
Thi.;    operation    is    performed    on    the 


1 1. ""{year  Oul-ole  Rapid  L(Kk-tilih 
Machine,  which  is  very  similar  in 
operation  to  the  ("i(K«Iyear  Well  StwinK' 
Machine  used  in  sewing'  the  writ  t<i 
the  sh<K'.  The  stitch,  however,  is 
liner  and  extends  from  the  channfl 
wliich  was  cut  for  it  to  the  upper  side 
of  the  well,  where  it  shows  after  the 
shoe  has  Invn  fmislieil.  The  loek- 
sti'ch  frinned  hy  this  machine  is  a  most 
duralilecine.  I'.sin^a  thorou>,'hly  wi.xed 
thread,  it  holds  the  outsole  securely 
in  place,  even  ,ifler  the  eonnectinjj 
.stitchi's  h.ive  Uvn  worn  olT.  This 
is  one  of  the  most  im|H>riant  machines 
in  the  shiXMiiakinj;  process.  It  is  ahio 
to  se\ye\en  in  the  narrow  shank,  where  ;i 
machine  usinj;  a  straij^'ht  needle  could 
not  !)ossil>lv  tilace  its  stitch. 


<''ot^  siirl.iiv  'if 
'  hamiil  .s<.  it  mav 
•e  laid  to  ,...-,.,■ 
stitches. 


The  ■■  .siir  C'iiannel  Cementinf; 
Machine— Model  A  "  is  a^ain  called 
into  oiieration  for  the  puqiose  of  coat- 
ing with  cement  the  inside  of  the  channel 
i;.  which  this  stitch  has  heen  made. 
A  siK'ci.il  l)nish  with  ^^uard  is  used  for 
this  purpose,  and  t'le  operation  is 
very  quickly  jierfonned  hv  the  skilled 
operator. 

After  this  c<'nient  has  been  allowed 
to  set  a  suHicicnt  length  of  time,  tlie 
channel  lip,  which  has  prc\iuusly  been 


machim;s  whi  h  plncm  thl  s()li:s  oi   sikm^ 


.I'.i 


ii.ilu.tll>  ilrup.s  lorwanl  and  is  nlu-vt'd 
iiimi  iiri'ssuri'.  This  niUinu  inoliim 
ll■ll)ll\■^.■^.  I'vcTv  jxjssiliilily  >>i  ihore 
1  itiiig  any  uncvcnniss  in  the  lioltom  o( 


Rill  IS  chanm-l  I'i 
.  ivn      to      cover 

tilcllCb. 


l.ii.l  li;iik  ;i-..:nst  the  sole,  is  a^ain 
tonnl  into  its  fonm-r  position  ami 
htlil  si'(un-1y  in  plaivby  nililnT  iviiu-m 
This  wnrk  is  (lonr  l>y  the  ('KXHlvtar 
Chaiiml  Layinj:  MachiiU',  in  \vhi(  h  a 
rapiillv  ri'volvin;;  whivl  proviilod  with 
a  pi'iuHar  arranj^mHiil  uf  llaiij^cs  forces 
hark  into  plaiv,  si^iurdy  hiihn^'  the 
stitrhcs  from  ohsiTvalion  on  this  pm- 
lioii  of  ihc  shiK'. 

The  noxl  o-iiTation  is  thai  of  K'Vilin)^, 
which  is  i-rfonni-d  on  the  Automatic 
Sole  Lcvcllins^  Machine  one  of  *hc 
most  interestitv^  used  in  the  sh(M- 
mik'M';  i)ro.vss.  This  is  a  douMc 
machine  irovided  with  t\v(»  spindles. 
on  one  of  wlliell  the  operator  jdaces  a 
shiK'  to  U-  levelled.  It  is  securely 
held  hy  the  spindle  and  a  t(x«  rest, 
and  on  the  oiwrator's  pressini;  a  ffxit 
lc\(T.  the  shtK-  passes  automatical! 
iK-neath  a  vihratim^  roll  under  hea\  \ 
pnssitre.  This  roll  moves  forward 
with  a  vihratinij  motion  over  the  sole 
of  the  shoi'  down  into  the  shank. 
pas.si-s  hack  a^'ain  .».  the  Ux\  tluii 
cants  to  the  ri^ht,  and  rei)eats  the 
o|K'ration  on  that  side  of  the  shoe 
returning'  to  the  toe  and  canting'  '  > 
the  kfl.  rcpcalin;;  the  operation  on 
that  side;    after  wliieh  the  shoe  autn- 


1 1 II  .^r 

S  Ml  IN'' 
M  \(  IHNE 

Diiv.-  -iiii'l 
n.ciN  «li  h 
hoM  i.iitsile 
in  place  at 
heel 

the  -.hue.  and  while  one  shoe  i^  under 
])rcssure    the   operali.T   is   preparing   a 

st'cund  Mile  for  tlie  operation. 


M  TM  \T1(      II  \  I  I  - 

1  iM.  M.^tHI^^. 

R..!!"    r.'it      nr.y 
unuvcnness  in  soles. 


MICROCOPY    RESOLUTION    TEST    CHART 
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How  the  Paper  in  this  Book  is  Made 


Wheiu  Doe.  Paper  Come  From? 

1  .;v,.i>au>    sNcrc    Hk-   l>rM    j-on.W   U' 
,„,kc-  what  wouUl  today  be  called  paper. 

U  made  it  from  a  plnnl  called  pap> 
,„,-,,„,l  thai  is  where  the  name  comes 

from.  .         ,       I'l,,. 

ThU  i.lant  is  a  species  ol  lee^l.  Hk 
:.  iin  s  took  stalks  of  reed  cut  nUo 
..r  slices  as  they  coul.l.  laui  them 

'mc     V  si<le:  then   they  arrani^ed  an- 
,ir  lavcr  on  to,  wnh  .he  shces  the: 

,,ilur    wav    and    I'm    this    in    a    press 

';;:;,  dned  and  Aibhed  >-\'l --^j';',; 

,„a.le  a  kin.l  of  paper,  which  could  1k 

^^•^r.:?'ti:efi.Msnl..ancesu.-dK.- 

SUId^our  urn  v'  rv  '^-- ;'^';;::- 

,„non  paper  our  P-^-'^^V^'^  ^i;   n-lv 

,,,;i,K    ,.t    veiretahle    tiiicr 


,-,l,ers   consist   mostly   of  "l^^ '"^  ,';•; 
,,„„,led  bv  other  things  which  hold  th. 

du.rt   vegetable  tibers  together. 

The  fiber,  best  a.lapted  tor  making 
,.  ,,.  ,,,,  ,h,„c  ,,f  the  cotton  and  tlax 
,1, us,  and  while  the  uses  otpa,«.r  were 

few  no  other  material  was  needed  when 

was   once    learned   tha,    o.tton    and 

,i,,.,,fiherswoul.|d.fnr-nakin.,-i;- 

All  we  ha.l  to  do  was  to  sa%L  all  me 

..Id  raus  and  .ell  them  to  ,lie  paper  man. 

In  makin;;-  paper  from  ra-s.  t  u-  r  i^^ 
were  allowed  to  rot  to  reni.n-elH   ^ 

.,(,„„es  that   incrnst   the  ^^-""1' "^^ '  '*" 
then  beaten  into  a  pulp,  to  which  a  laruc 
,,„antitv   of    water   was   ^'l'^"'-       /     ^ 

'-^r^.^;^;^%e^:'^:rb-"l^- 

Se:iofy^hv'hakin.,andthefiher. 
remainint:  formed  a  t^tin  aver  on  h. 
hottom  of  the  s  eve.  Tlii<  biver  o  tit  (  r 
''"'    "  ,r  :.L  ,   nile  with  other  similar 
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HOW   PAPliR    IS    NOW    MADE    IROM    WOOD 


layers,  anil  the  wlidle  pile  wnf  placed 
under  a  press,  where  more  of  the  water 
was  reniuvcd.  \\  hen  tliey  were  dry,  we 
had  a  very  fair  kind  of  paper  which 
was,  however,  not  much  better  than 
blottinj;  pajiT  and  could  not  be  written 
on  with  ink  because  it  w;is  loose  in 
texture  and  very  absorbent. 

To  give  it  sjood  writing  surface  it 
was  necessary  to  till  the  pores.  This 
was  done  by  sizin.i^r  which  jrave  the 
paper  great  firmness.  Paper  was  size<l 
!)v  drawing  the  layers  of  paper  through 
a  sohuion  of  alum  and  glue,  or  sonic 
similar  substances,  and  then  drying 
them,  then  finally  passed  between  highly 
polished  rollers  to  iron  it.  This  gavj 
it  the  necessary  snioot'.i  hard  surface. 

In  the  modern  method  of  making 
rag  ]iaper  by  machinery,  the  rags  are 
boiled  with  'caustic  soda,  which  sepa- 
rates the  cellulose  fibers,  and  i)laced_in 
a  machine  in  which  rollers  set  with 
knives  tear  the  rags  to  ])ieces  and  mix 
them  with  water  to  form  a  pulp.  This 
is  called  a  breaker.  The  pulp  is  then 
bleached  with  chloride  of  lime,  and  is 
passed  on  to  the  sizing  machine.  This 
machine  mixes  the  pulp  with  alum  and 
with  a  kind  of  soap,  made  from  suit- 
able resins  which  serves  the  purpose 
better  than  glue. 


How    Is    the    Water    Mark    P  ;;    into 
Paper  I 

The  j)ulp,  which  is  now  ready  to  be 
made  into  paiier,  is  poured  out  upon  an 
endless  cloth  made  of  line  brasr.  wire. 
This  cloth  travels  con>tantly  in  one 
direction,  by  means  of  rollers,  and  is 
given  at  the  satne  time  a  sort  of  vibra- 
tory motion,  to  cause  the  ])aper  fibers 
to  bectime  more  closely  felted  together. 
On  the  wire  cloth  web  are  usually 
woven  words,  or  desi,'ns,  in  wire,  that 
rise  above  the  rest  of  the  surface.  These 
arc  trail.- ferred  to  'he  paper,  and  are 
called  water  marks.  The  machine  then 
winds  the  finished  jiapcr  into  rolls,  so 
that  it  may  be  baiulled  conveniently. 

During  the  ])ast  few  years  the  uses 
for  paper  have  increased  so  greatly  that 
there  have  not  been  enough  rags  avail- 
aole  to  meet  the  demand  for  material, 
and  a  successful  efi'ort  was  made  to  find 
other  material  from  which  pajicr  could 
be  made.  Many  fibers  were  tried  before 
it  was  fMund  that  wood  pulp  could  be 
used.  Straw  and  esparto  grass,  a  plant 
that  grows  wild  in  North  .\merica.  were 
found  to  yield  cellulose  having  the  de- 
sired qualities  and  were  used  to  some 
extent.  I'nt  the  ]iroblcin  w:i--  su'vcd 
when    it    was    learned    thai    pulp    made 


f    the  Srirtitifi.-  .f (ttcr-irntl. 

NOT    .■\    Wiicill    \.\]UI   ItfT   THE    (Hr>Ili|:   I'l      \    I'M'IK    Mil! 

Thi'  ^Imws  the  Kfial  iiiles  (if  trunks  and  linil'S  «i  trees  nt-ar  a  w.«nl  imlp  liaiur  mill  u,o<l 
ill  makiiii;  pai)i?r  fur  IR■^^^|)alll.■r'.  linMk<,  magazines,  etc. 


GREAT  FORESTS  TURNED   INTO   PAPER 
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I'All-.K    lUUts- 

This  picture  shows  the  trees  as  they  grow 
in  he  wW'  These  trees  are  gr.od  for  mak- 
L  ni^'r  Your  .nom>n«  paper  may  some 
2ri,uR  he  printed  on  what  .s  left  o,  one  of 
these  trees. 

from  tntnk.  au.l  limbs  of  trees  wouM 
.crvf  even  then.     .\t  lust  the  poA.kr 
{„rn,e.l  hv  Ljrin.Un-  .-.i'  l"gs  wa.s  used, 
but  the  paper  pro.hice.l  was  not  stronR. 
an.l  couUl  he  used  for  very  feu    pnr- 

'"'ll  was  .liscovered  f-m.-illv  that  it  wood 
shavings  were  boiled  in  ^tro,,-:  solutions 
of    caustic    soda,    in    receptacles    t  at 
^vcml.l  withstand  vcrv  hish  pressure,  the 
woo<l  fibers  were  separated,  and  a  \er> 
pood    quality    of    cellulose  .for    paper 
nianufa.-lure  produced,  provided  it     as 
bkaclie.1  before  beniR  made  into  p.nxr, 
and  most  of  our  paper  to-day  is,  there- 
fore, made  of  wood. 

Later  on  this  process  gave  way  to 
the  sulphite  process..  In  the  sulplut. 
process  a  solution  ol  su  ph.tc  of  hi  c 
i.  usc.l.  Acid  sulphite  of  Inne  results 
when  the  fumes  from  burning  ^ijpl"''- 
nre  passed  through  chimneys  tilled^  wuU 
lime  I^V  this  proce>i  the  scp-rai;-.-- 
of  the  fibers  and  the  bleachmp  are  done 

.•t    r    Ti.t.'sv   cf  S^ii-n'- 


Tn  this  picture  we  see  how  the  trees  are  f.rst 
,J,"  Imo^mllcr  .hunks  before  bemg  reduced 
to  chips  for  raakini;  pulp. 

-a  the  same  time  and  an  even  %yhiter 
nnper  makm-  material  is  obiaincd. 

llu-  sulphite  process  is  nuw  used  al- 
most exc! u.Mvely  in  makiiiR  paper  from 

''"n.e  discovery  of  the  prxcss  of  m.ak- 
i,v.    paper   from   wood  has  led  to   l.ie 
u.I^   of   paper   for   many  purposes   for 
which    il   coul.l   otherwise   "ever   ha  e 
heen  used.    Tbe  woo.l  plup  is  al^o         1 
i,i  the   form  of  papier-mache,  a  touL.li. 
astic    substance,    which    is   made   by 
niiKiiiR  t^lue  with  it,  or  by  pressing  to- 
eether  a  number  of  layers  of  paper  hav- 
S.  ulue  between.       I'apier-mache  can 
easily  be  moUlcd  into  almost  anv  form 
nnd  'after  drving  forms  a  very  tou-h 
"bstance  and  oi^^.  that  will  ^-fj^ 
,,.a-e     It  has  been  employe.l  for  man 
ntr^lishes,  water  baskets  and  utensils  of 
i^otherkinds,  for  makms  the  ma- 
lices for  and  from  electrotype  plates, 
for  car  wheels,  and  many  other  pur- 
poses. 


WHERi    THE  INGRnDIENTS  FOR  MAKING  PAPER  ARE  MIXtD 


The  W00.1  til)cr  must  he  mixed  with  ouier  ins;reilR-ias  when  iKipir  is  nuilc  iroiii  ii .  llii. 
shows  a  lonur  f.f  tlv:  hruv  cle.  lrM-(  !iemi'al  .icTiartm.nt  i"T  thf  i>r,KhH-ti<in  ot  hlcacli  iind  so(i:i 
usud  in  lli>  I  .  -  '  .'  ■'   1  ^'-  -'  ■■'  ■    ■'•  ■ 


lUb   WMLK   -'Lrl'LY. 

\  eond  deal  of  water  i?  needcfl  in  makinR  paper.  From  twelve  to  fmeen  tnilhun  f;-.llons 
dailv  are  ilrawn  from  the  river  and  tiltcre.l  throuyh  tliis  plant  in  Maine;  clean  paper  of  bnght 
color  t)ein)^  dependent  upon  tlie  u.^e  ot  pure  water. 


p,CATlNa  Thr:  .NCREDILNTS  FOR  MAKING   PAP.  R   P' 


HP    yt)"' 


inip'Ttanl  in  paper  making. 


Tllli   I'Al'EK 

,  ■  ■,  „.,.^P^  r  vcr  1 1.>  '"  s-ries  of  heated  cvlin-lcrs, 
.u„  ..n.r  nrneresscs  .hrnugh  the  machines,  •t^P^^-^^'J;;.,,  ^.„<,.  Tlii.  ilU«trat.on_shows_a 
and'hTrdening  the  ^'■''^'^,;'''y;.orout"The  air"  pressure  in  .  le  n.a-mac  rocu.  ^  fc  g..  v 
'\^'S;a^:^Kpr^e  ^-  preventing  dust  'rom  entenng. 
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Wlllki:   THL    I'AI'KR  IS  CLT  IN  SIULIS 


The  tini-;hiil  rulN  i>f  stiK.k  pass  thrnugh  rntan-  rutters  which  produce  the  sheets  of  v.irious  requircil 
sizes.  The  p  iper  in  the  Bof>k  of  Womlers  was  cut  in  sheets  41x55  inches,  thus  making  it 
possible  to  print  32  pa^es  on  each  side  of  each  sheet. 


Rotar\-  Rc.iler  for  cooking  rags  or  wood  in  making  piJp  for  use  in  inarmf.icture  nf  pajier. 
lUiistrations  showing  ninrmfacture  of  paper  by  courtesy  of  S.  I  >.  Warren  \:  Co. 


HOW     \\U     I 


,^,M,!,   TMM    (M     IMiS   1U.()K    WAS   SET        rm 


XH.S  ,.....,.......--.  Uno..^^^^^^ 

•    ,t,"  as  llu-  printers  say.      '  he  men  «n  joinposiK.r  (onii)..>e.l  in  ^J"^  ^V,'     ,•  ^. 
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after  that  the  machine  acts  autoniaticaUy. 
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TIiP  Vcyhnard  is  mi'<)c  up  <■(  <)o  keys,  which  act  directly  on  the  matrices  in  their  channels 
in  t!ic  manazine.  The  ^Ii^;hlt'>t  tmuh  on  the  keylniUnns  rclc:iNC<  tlic  matrix,  which  drops  ti> 
the  asseinl'lcr  licit  and  is  carrici  swil'tly  to  the  asscmlilcr.  When  a  word  is  asscnililcd,  the 
spacchand  key  is  touched  .md  a  spaceband  drops  into  the  assembler.  When  the  necessary 
matrices  and  -pace-bands  to  liU  tlie  line  liave  btvn  assembled,  the  operator  raises  the  assembler 
by  pressinj;  a  lever  on  the  side  of  the  keyboard.  When  the  assembler  reaches  its  hij;hest  jxiint 
it  automatically  starts  the  m.ichinc  and  the  matrices  are  transferred  to  the  casting;  [josition. 

This  illusir.ition  shows  the  manner  in  which  matrices  are  constantly  circulated  in  the 
Linotype.  From  the  ma>;a/.ine  Du  v  are  carridl  to  the  assembler,  then  passed  to  the  nioli',  where 
the  line  is  cast,  and  from  the  mold  after  "astinK  they  are  raise<l  to  the  top  of  the  machine  and 
re  listribute  1  to  their  proper  channel.^  in  the  magazine. 

The  I.Miotvpe  is  sonu'times  called  a  tyjK'settinK  machine,  but  this  is  not  correct:  it  does 
not  set  tyiK'.  It  is  a  substitute  for  typesetting.  It  is  strictly  speaking  a  comp<Jsinj;  machine. 
.IS  't  does  comixisition  but  its  prtxluct  is  not  set  type,  but  solid  slu^s  in  the  form  of  lines  of  type 
with  t'le  printing  face  cast  on  the  edge. 

It  is  in  reality  four  ni.ichines  so  .irranReil  that  they  work  together  in  harmony — the  maRazine, 
the  assemblini;  mei-lianistn.  the  ■■.•isfins;  nieih.inisrn  and  the  distributing  mc<.-h;inism.  The 
maCT^ine  is  at  the  top  of  the  maihine  slopinv  t<i  the  front  at  an  ancle  of  about  -ii  decrees,  .and 
consists  ol  two  brass  plates  placed  together  with  a  sn.ace  of  about  five-eighths  of  an  inch  between 
The  t\yo  inner  surfaces  are  >  ut  with  02  grooves  or  channels  nmning  the  un  and  down  wav  of  the 
nhigazine,  for  carrving  the  matrices.  The  matrices  slide  down  these  channels  on  edge,  with 
tlie  face  or  puncheil  edge  down,  and  the  V-end  extending  toward  the  upper  part  of  the  magazine. 
Each  of  these  clwincls  will  hold  twcntv  matrices. 
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u,^iMiibUa  al  till- 
partly  ut  "n*-'  '''^''■" 
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t« 

til) 

.111 

By  an  iiiniii" 

Ic'tiT  iir  l«" 

;:;,'' i:;x;crnutnxVani..-u>..iat.uii. 

■ihc  t«-UttiT  tiutrix  iK-ars  two  Car- 

E;:!:^^^:n ';'^i'v';i^tH.':r?a:^ 

,^,,,„,,,,„hi'.l  l.y  nu-ans  of  a  .l.jlc  on  the 
•  ,,in.  .Ur  oprratnl  l.y  a  small  K'vcr. 

WlHO  <l,c!  louiT  characti-rs  on  tlu   ma- 

iri.-i.sarcTc^l>iircl.tlu->li.UMs  sl.ifte.1  an.l 

,     T   .  .r    1  in.  lers  align  w  th  tho  upi«:r 

,;  her  n,alri.es  in  the  ass---"  >l^r     ^  ^  y^,":,„,,i,an.e.  a  lino  may  be  .-mposcl 


LblltK  MATRICES. 


IS   CAl'lTALS  Ol-   l-ltH-RLM     rU-K. 


HIS  bliow^  ii"w    nil    ..."■■    -  „  „f /;  nnint  Dor  hour,  anil 
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Tlii<  iiicturc  shows  the  machine  with  pirt  <>(  the  niaKazini'  tcip  and  siilf  removed.  W^ 
can  thus  sii'  hi'vv  the  matrices  are  arranged  in  tlieir  respective  (^rocves  in  the  ina>;azine.  Wlicii 
one  iif  the  keys  nl  the  key!M>;ird  is  pressed  down  the  lirst  matrix  in  the  ii'.TCspoiiilinj.'  j;riive 
in  the  masja/.ine  escapes  and  drops  uiMin  a  conveyor  bilt  an<l  is  carried  in  its  proper  order  to  an 
assemhler.  which  answers  nn:rh  the  same  purpose  as  a  printer's  stiik.  The  correct  spacing 
or  ju-titication  '>i  the  hne  of  matrices  is  accomphshed  l>y  means  ot'  spaceliancN,  which  :irc 
assi'iiililed  automatically  between  the  words  in  the  line  by  the  touch  of  a  lever  at  llic  kli  ul  llic 
i.evbiiard. 


CASTING   THE   SLLGS   OF   SOLID    -METAL 


inn.    where 
;  riKhl.  anfl       I 
cliipi.fthe       I 
rjdVcN  in  the 


After  the  sluR  has  l.oen  r»5t. 
the  matn<  es  are  carrici!  up  lu  the 
sec.Mul    transft-r    position,    where 

thiy  arc  puslie.1  to  the  -■'• 

Ihi  teeth  in  the  V  at  the 

main,  es  enKane  the  Kr<«-..  - 

msinliuttirljarof  thesemncleleya- 
tiir    whieh  descends  fnim  the  >!is- 
inliutiir   liiiJ    at    the   sime    tune 
tliut  the  matrii.es  nse  to  the  se- 
iiiiiil  transfer  position.      1  he  sec- 
ond elevator  then  rises  toward  the 
oi.stnliu'or  l«.x.   takinii  the   mat- 
trues    with    It.    but    leavinK    the 
ti.Hiebands;  thesearethen  pushed 
to   the   n«ht   and    slide  iiitn   the 
-,a>el.and  l.ox.  to  lie  UM.l  a«ain. 
\s    the    seeond    elevator    rises 
tos.ard  the  distril.utor  l.ox  with 
■  IS  liad  '.f  matriees.  the  distribu- 
tor shifter  lever  moves  to  the  left 
until      the     elevator     head      has 
"eachi-l     its    pWe    by    the    d.s- 
l,il,ut..rbnx.      It  then  moves  back 
to     the     riliht     ami     pushes    the 
n;atrues  off   the   second   elevator 
"istril.utor  bar  into  the  .listnbutor 
l,ox.  where  they   meet   the       ina- 
trix  lift  ■'  and  are  Ufte.l.  "nc  at  a 
time,    to    the    distributor    screws 
and  distributor  bar  proper.      1  he 
teeth     in     the     matnx     and     the 
ur.K.ves  in  the  bar  are  so  -arranned 
that  when  a   matrix  arrives  at  a 
point    ilircetly    over    the   <hannel 
1,1  which  it  belonKS.  It       etsgo 
an.l  drops  into  its  channel. 

If.  however,  there  is  a  matrix  in 
the  line  which  was  not  oesii|!ned 
t.,  drop  into  one  of  the  ch..nne  8 
operated  from  the  keyboard,  it 
will  be  carried  clear  across  the 
distributor  bar  and  'topped  mto 
the  last  channel,  and  from  there 
it  will  lintl  its  way  to  the  sorts 
box. 


MNK  CI.  -M.MKi.  K.  buNo  ui  n:u  n.  ...MKim  nm 


Lines.      The      '""f  ;;'''■'"  ..i^^rsk    and  mold. 

tt.i.v  oass  to  a  position  in  front  ol  tnc  in  ■ 
thee  pass"  li'o'm,!,,.,  a  ,„ie-.iuarler  tur-.  to 
r.e.,';;^i:'rf.rC^W.u,,l;.Umthee^ct. 

im,  p.>Mtion  wlie  e  ""'^^^ ;:;,'„.  u  then 
;:.^nru^ti.'jLfa;r,^Jhemol,n.,,;;eyn 

contact  with  the  iiai  k    oi    lo  forces 

'"llurrnK'the  last  revolution  of  the  disk  the 
1      ,om  of  the  sMuiJ  is  trimmed  n(f.  and  m  the 

the  slug  is  a  purfcci  line  ut  tvpt.  rca  j> 
form. 
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As  the  sluns  of  type,  each  of  which  represents 
a  line,  come  from  the  hnotype  macliinc,  they 
arc  arrangeil  in  orclcr  in  a  brass  lioMer  the 
width  of  the  line  of  type,  called  a  "galley." 
This  IioUlcr  is  about  twenty  inches  long.  As 
soon  as  it  is  filleil  one  of  the  men  in  the  type- 
setting ofTice  takes  it  to  a  proof  press  where  he 
makes  a  rough  impression  of  it.  He  runs  an 
ink  covered  roller  over  the  top  of  the  slugs, 
lays  a  piece  of  blank  pajjer  on  it  and  then 
either  runs  another  roller  over  it  or  puts  it  in 
,1  liand  press  anil  secures  an  impression  of  the 
tyjje  just  as  it  is.  This  is  called  making  a 
"  galley  proof." 

The  galley  pnjof  is  then  sent  to  the  pri^of- 
reader  who  reads  it  carefully  and  indicates  such 
errors  insetting  asappearand  must  becliangcd. 
Before  correcting  the  attual  type.  In iwever,  the 
composing  room  sends  the  galley  proof  lo  the 
one  who  is  publishing  the  book.  The  publisher 
also  re;ids  the  prKif  over  carefully  and,  if  he 
drjes  n  't  wish  to  change  any  of  the  wording, 
he  sends  it  back  to  tlie  composing  room  with 
his  "  O.  K."  attached  in  writing.  If  he  wishes 
to  change  the  wording,  he  does  so  and  the 
galley  pr<xjf  is  tlicn  rclunied  to  the  composing 
room  markeil  "  ().  K.  after  corrections  and 
changes  are  made." 

The  linotype  operator  then  makes  what- 
ever changes  are  desired  or  necessary  by 
setting  new  lines  where  mist. ikes  or  ch.inges 
occur.  If  there  is  only  one  wrong  letter  in  a 
line,  he  mu.st  reset  the  whole  line  as  the  ma- 
chine, as  you  remember,  only  turns  out  solid 
lines  of  type.  .\  revised  proof  is  then  sent  to 
tlie  pubh.shing  office  and,  if  no  further  changes 
arc  lo  be  made,  he  gives  instructions  to  have 
t'.ie  "  galley  "  made  up  into  pages.  How  the 
pa^cs  are  made  up  is  »how  n  in  the  next  picture. 
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HOW  THE   BOOK  OH  WONDERS   IS   BOUND 


When  the  printed  sheet,  .re  received  in  the  binderv  they  are  fed  intr.  a  foliin^  mac-hine 
whirh  is  slinu-n  here.     A  slieet  of  64  pages  is  '"'■'■-'  — '  ■'"   •'"''  ' 
1(1  pages  each  ready  to  be  gathered. 


he  hmrlery  tney  are  lea  luu    a  i.n  .,1.^,  .m, 

folded  and  cut  and  delivered  ni  four  section.-^  of 


Here  we  see  a  machine  which  takes  the  folded  sections  of  16  pages  pch   which  are  ca 
Courtesy  of  the  J^  F.  Tapley  Co.  New  York. 


ailed 
om- 
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be  bound. 
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ilcrr  wp  sec  the  givU  at  work  .ipcratinj^  the  sewing  machines  which  sew  tho  sections  tuKcther 
at  llie  Ijack  side  of  the  book. 


TYn  -:icn  in  •;-.:=  pfture  are  malang  tne  oacKs  oi  ifle  docks  rounu  anu  ptvyiuujg  uuwiii  iw 
the  putting  on  ot  covers. 

Courtesy  of  the  j.  P.  Taplejr  Co.,  New  Yaik. 


THE   BOOK  or  WONDERS   IS   READY  TO  READ 
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HOW    THl    I'lCILRHS   IN   THI>   HOOK   ARK    MADf. 


How  Is  Photo  Engraving  Done  1 

Tiu'  lir  I  -tt|'  is  tin'  tiiakinK'  ()f_  the 
halftone  mr^'l''''-'  wliich  (litTers  from 
an  ordinary  ne^;alivo  in  boin^  made  up 
of  (lilTcrint  sizod  dots  instead  of  shades 
of  Kray.  This  result  is  obtained  by 
I)hoto^;"rai)hini,'  the  picture  thr^'UKh  a 
halftone  sen-en  consisting  of  two  pieces 
of  glass,  ruled  with  black  lines  and 
cemented  together  so  the  lines  cross  at 
right  angles  and  leave  small  squares 
of  clear  ^lass. 

Tirs  cut  shows  a  sei  lion  of 
a  ijli(itf)-enRraving  screen 
enlarged.  illustrating  the 
s<iu;ires  almve-nKntionei!.  In 
reality  it  would  take  from 
I<M>  to  4(M)  of  these  dots  to 
make  an  inch,  according  to 
the  fineness  of  screen. 

The  elTect  of  making  the  negative 
in  this  wav  is  to  represent  the  differ- 
ent shailesfroin  black  to  white  by  large 
or  small  dots.  Wet  plate  photog- 
raphv  is  usually  used  in  this  process 
because  the  fihii  is  thinner  and  more 
intensely  black  besides  bcitig  cheaper 
than  ilr\-  plates. 


This  cut 
sh(»\vs  a 
)i.rtion  of 

.:  halftone 
1  ut  en- 
la  r^jed  so 
that  the 

li.ls  can  he 

fen  very 

plainly. 


New  PrortMt  LiiKravlnii  Co. 

Having  made  the  negative  the  next 
step  is  to  make  a  printing  plate  from 
it.  To  do  this,  a  [jiecc  of  metal,  copper 
if  the  work  is  tine,  and  zinc  for  coarser 
work,  is  coated  with  a  solution  which  is 
■^ons-'itive  to  liL'ht.  iish  glue  is  commonly 
used  to  which  is  addeil  a  small  amount 
of  ammonium  bichromate.  The  metal 
being  coated  and  dried,  it  i:'.  jmt  in 
a  \<T\'  stmiii'  frame  with  the  negative 


and  stiuee/.ed  together  so  that  they 
are  in  jK-rfect  contact.  A  powerful 
light  is  now  dirci  ted  upon  the  negative 
with  the  metal  behind  it,  the  result 
being  that  wherever  the  light  goes 
through  the  white  spaces  in  the  nega- 
tive, the  coating  on  'he metal  is  rendered 
insoluble.  Where  the  dots  on  tlu 
negative  are.  the  light  is  unable  to  get 
at  the  coating  so  that  when  the  metal 
is  removed  from  the  frame  and  thor- 
oughlv  washed  this  part  of  the  coating 
washes  awav,  leaving  the  part  whic'i 
the  light  got  at  attached  to  the  metal. 
This  is  now  heated  until  the  enamel, 
as  the  coating  is  called,  turns  dark 
brown  and  the  picture  can  be  easily 
seen. 

The  picture  is  now  on  the  metal  but 
it  must  be  made  to  stand  out  in  relief 
before  it  can  be  used  f<jr  printing 
from,  so  it  is  put  in  a  bath  vi  acid 
which  eats  away  that  part  of  the  metal 
left  uncovered  by  the  washing  away 
of  the  coating  and  this  leaves  the 
dots  which  make  up  the  picture  stand- 
ing up  in  relief.  A  roller  covered  with 
very  thick  paste-like  ink  is  now  rolled 
over  the  picture,  or  cut  as  it  is  ikjw 
called,  and  when  a  iiiecc  of  paper  is 
pressed  against  the  ink  eovcred  cut 
each  little  dot  leaves  a  mark  of  ink 
on  the  pa[)er  the  total  making  up  the 
picture  as  we  see  it. 

There  arc  many  more  wonder!  ul 
things  connected  with  the  making  of 
cuts  such  as  the  routing  machine 
which  has  a  tool  that  re\olves  so  fast 
that  it  turns  around  300  times  while 
the  cl(K'k  ticks  once,  anil  other  machines 
which  cut  hard  metal  as  easily  as  vou 
can  cut  a  jiotato  with  a  knife. 

Colored  pictures  are  also  made  liy 
the  [irocess  outlined  above.  The  pic- 
ture is  jihotographod  three  times  with 
a  diflerent  colored  piece  of  glass  in 
front  of  the  lens,  the  result  being  three 
negatives,  one  of  which  has  all  the 
blue,  one  all  the  red  and  the  other  all 
the  yellow  in  the  picture.  By  making 
cuts'  from  each  negative'  and  printing 
thcmi  on  top  of  one  anotiicr  in  yell  -w, 
red,  and  l)iue,  the  original  picture  is 
reproduced  in  all  its  colors.  This 
is  how  all  our  pretty  magazine  covers 
are  made. 
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l"hc  I'Mit<ir>  of  iIk>  Bonk  ui'  WoihUts 
followiriK-  All  iiunliimi'il  have  l)ocn  a 
not  only  possible  but  authentic: 

Spencerian  Pen  Co. 

liastman  Kodak  Co. 

Anieriian  Telephone  &•  Telc^,'raph  Co. 

Renihi^'lon  Anns  Co. 

liethlehcm  Steel  Co. 

Ninerican    I'ortlanil    ( \niem    Mamifae- 

lurL•r^    \»ii. 
I'.raiiienl  iS;  Annstroiis.;  Silk  Co. 
Cortieelli  Silk  Co. 
Cnrtiss   .\eroplane  Co. 
I'.  S.  Beet  Sujjar  luduhtry. 
Hartford  Canw-'t-  Co. 
llayncs  Automobile  Co. 
Jacobs  &  Davis,  Ent,'inoors. 
Pennsylvania  Railroad  Co. 
Endieott.  j.ihnson  &  Co. 
Lnit'-'d  Sh(K'  Machinery  Co. 
Sherwin-Williams  Co. 
Pittsburgh  Plate  C.la.ss  Co. 
The  Colliery  l.n^iineer. 
Lake  Toriictlo  boat  Co. 
Western  Cnion  Tele^jraph  Co. 

Nrw  York  I'Mison  Co. 

Wesiin.L'house  Lamp  Co. 

Consolidated   Gas,   Electric  Li^'ht   and 
Power  Co.  of  Baltimore. 

Hrowniii^'  En^'ineoring  f^o. 

The  White  Star  Line. 

.Marconi  Wireless  Co. 

livmiouth  Cordage  Co 


make  acknowledKnnent  htTewith  to  tin- 
jjreat   assistant e   in   making;  th.'   Ixiok 


American  Woolen  Co. 
The  Vitagraph  Co. 
The  n.  F.  Goodrich  Co. 
The  Guxlyear  Rubber  and  Tire  Co. 
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P.  &  F.  Corbin. 
( )tis  Eljvator  Co. 
Scientific  American. 
Joseph  Dixon  Crucible  Co. 
Homer  W.  Lau^,'hlin  Co. 
SIX  Warren  &  Co. 
C.  B.  Cottrell  &  Sons  Co. 
Merj;cnthalcr  Linotype  Co. 
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New  Process  En.t;ra\-inK'  Co. 

Mum.il  Film  Corporation. 
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.^eth    riionia>. 

American  Locomotive  Co. 

.W'.v  York  Central  Railm.id  Co. 

(  iiiuinliia    Rnpi'   Co. 

(  ;irl    W'enuT, 

.National   Wool  tirowers   .\ssn. 
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Acid,  ..irbonio.  wh.it  it  i'.  ^oo 

At-rial,  on  ship,  (illii-:.).  4S.S  ,  „       , 

Affoplanei,  linslish  Ch.mnel  cr..ssmi{  liUu"'. 

Curtis  I'iplano  (lUii-;  >.  l.U 
first  ilenii.nstratioii- "f.  i.V 
tir>-t  thi;hl  in  liuroin:.  IJ'J 
lirst  niuiwarrvinK  (illus.),  IJ8 
fir>t  ^iKciviful  (lUiisJ,  W6 
K.'u<;  inulors  ustnl  in,  1, 50 
(;lhlinK.  137  ,        ,    ,,, 

^rt'.iiist  pri'i-nt  viihic  of,  136 

rct<r.l-i.f,  131 

red  winK  (iUum.I,  131  ,.,,,,    ,„, 

wh.it  two  Uri.thers  .irromplis.nil  f"r.  l.v> 

\Vnt:ht  Bros.'  inventions,  130 
Age,  win-  iU>  we.  I9<>      , 
Air,  .l.K-^  it  ninvi-  with  thi>  c.irihf  4'"' 

,\,^c<  it  wii«li  anythinK-'  .VJt 

■  hist  ;n,  3« 

,  M.n.l,  liiiw  far  doe-.  243 
Airloiks,  l.wription  of  in  tiinnil  Imildint!.  -13 
.•.mmunition,  first  invention  ot,  40 

Iiwl.  47 

111  nrihistonc  times,  40 
Animals,  lan  tlicy  think  ?  194 
I    man  an,  iHo 

tliat  li-ap  Kffati-t  distance,  121 
ulii.l.  tTrtoU  wiMtlu-r,  240 
Anthracit;  seams  uH"'^  '.  -"•" 
Aqueduct     lUis.),  ,S05 
Are  r:  .1.  lu'>  poisonous.  294 
Armor,  m  thi-  Middle  .\;:<<,  44 
Army,  wink-ss  in  the,  44«-4.V 
Are  tKTc  two  sides  to  the  r.unhfiw'  ?S4 
Arrow,  wh.it  causes  it  to  fly.'  40S 
At  wh.it  IK  lint  does  water  lioil.'  220 
^,    ..-  ,.  .-t,-  .l.Ks  tliouKht  tr.ivel.'  -'4.' 
Austrahan    Ballot,  where  tirst  use  1,  122 
Automobile  (.illus.),  a.xlc,  location  ol.  1.  (1 

ViCKinninK  ot,  J8.3 

carburetor,  location  of,  l»4 

carburetor,  itsc  of,  !»4 

chassis  complete,  1H8 

coK-wheels,  use  of,  1»3    „      ^      . 

coK-wheels.  location  of  (illus),  I83 

crankca.s*',  location  of  (illus.  1.  1K3 

cylin.ier.  location  of  (ijlus.l,  iH 

,Wve  .shaft,  l(H-:ition  of  (illus.),  1H7 

electric  generator,  use  of,  185 

exhaust,  1H4 

fenders,  liK-ation  of,  I8» 

fenders,  use  of,  188 

finishe<l  car  (illus.),  189 

first  .American  (lUus.l,  189 

fly -^.heel,  Imation  of  (lUuS.),  I«3 

flV-wheel,  use  of,  183 

frame  (illus.),  l86 

".n-soline.  wh.-it  it  does.  1 83 

g-isoiine  t.mk,  location  ot,  187 
gearr,  locatioi;  of  (illus.),  183 
gears,  use  of,  183 
heart  of  (illus.),  184 


Automobile,  how  improved,  190 
ni.i^;iiei.',  lo,  aiion  "(,  |K,s 
in.inneln,  use  of,  185 
tiarvclloiis  growili  of  twenty  ycirs,  1B9 
m-lern  jKiwer  plant  complete,  190 
oil  pan.  Use  of,  1 84 
<,il  pumi),  location  of,  184 
piston,  locition  of  (illus.),  183 
piston,  use  of,  183 
IH.wer  plane,  .in  (Ulus.),  185 
r.idiator,  location  of  (illus.),  188 
r;idi;iti'r.  use  of,  188 
reach- for  the  wheels,  187 
second  stage  of  construction  (Ulus.),  I8<) 
sell-sl;irler,  location  of,  185 
self  sturter,  use  of,  185 
Sinitlusonian    exhibit    of    complete    power 

plant,  190 
springs,  Imation  of  (illus),  186 
springs,  usi-  of,  i8<> 

sleenng  gear,  Icnalion  of  (lUus.),  187 

street  siene  20  years  ago,  189 

transtnission,  locilion  of,  186 

lire  pump,  list  ol,  185 

tires,  how  made.  382 

transmis.sion,  usi'  of,  186 

water  pump,  li«ation  of,  185 

water  pump.  Use  of,  IM.S 

whit  ilie  lonipletel  chassis  looks  hke  nllus.  I 

Bacon,  Roger,  disioverer  of  gunpowdei ,  44 
Balance,  clTect  of  sunlight  on,  37 
li,iMness,  chief  course  of,  143 

•.\iiv  some  people  ■■•<■.  143 
Bill,  whv  it  bounces,  o^ 

l.c.irmgs,  whai  they  are,  180 
Balloon,  what  kivps  it  up,  199 

whv  it  goes  up,  l<><> 
Ballot,  when  first  iiseil,  122 

.•\u.stralian.  where  li.sl  used 
Bearings,  Ball,  wh.il  they  ore 
Bee,  how  it  lives,  336 

v.hv  It  h.isa.sting,  33h 
BeU,  Alexander  Graham  villus.),  70 

l,rst  tc!c;ihonc,  7- 
Bend,  w!iv  thiiiRS,  02 
Biplanes,  Curtiss  (illus.),  131 

ill  Ihgh;.  Curtiss  (illus.  I,  136 
Birds,  how  ilo  they  find  the  old  home.'  408 
how  thev  learn  to  fly.  178 
how  they  find  their  way,  407 
reprixluction  of  life  in.  179 
■Ahv  ''o  thev  sing?  408 
Birds'  Eggs,  why  different  colors,  233 
Blasting  gelatin,  definition  of,  206 
Blcriol,  M.,  lirst  European  flights.  129 
Blotter,  c.ipillary  attraction  of,  18 

liow  n  takes  up  ink,  18 
Blush,  why  do  we.  Kj,; 

Boat,  ::-■■■■  h  i.-..-  -■' ;- =■•  --^ 

hvdropl.me  of  submarine,  270 
inside  of  a  submarine  (illus.),  272 
Bodies,    wiftost  moving,  :!S 


,   122 

180 


iVH.» 


INDIA 


Boiling  [•   int  (.f  WMtrr,  .•.'■' 

rt'i  ii  n:.i'hi>  «.itrr,  li>> 
Boring  mill  i'lhi;.),  V> 

Bolt!*".,  .11. 1.  111.  (>,^ 

Boiliur,  \'.     .  .1  I..1II  will,  >\\ 

Btiw,  1-11.:  li.lu^.).  4i 

Bflw-and-Airow,  iiivrmi..ii  of,  \\ 

Uoxes,  vi.iK  h,  h'lW  iii.i'li-,  -••M 

Brazil,  Emperor  of,  rtvcivt-N  lir>t  w't'U  nvfr 

tiU|i)i""i .  74 
Bread,  li"w  rl.iir  is  :iuilo.  4»>.» 

ililliniKc   ill   Gr.ihutii    ini'l    wIhiU-    wlic.41, 

4CI 
>;ri!!  !  I'l;  wheat  (ilhl-*.\  4''4 
!i  IT      St  iii;  H licit,  4(i»t 

■  I  wiirlil  ^illii-.i.  4Vi 
■nJ  iiuMiiiiii;  ■  i.  4''" 

' "■■•<.V:\ 

(.illii.s.  I,  4(),\ 

iisi,  ^^>i 
nli.ii  will. It  »\i»  iir-i  iiM'  I  in  making;,  4^1 
wlutf  II  i.iMiii'>.  Iriiiii,  4bo 
uliy  <•'  iiii|H>rtiint,  4(10 

Break,  \\U\  tliiii>;-,  'li 

Breech,    !    1  !'IK  Knn,  S3 

Bri-ech-lojders  in  Civil  W.ir,  48 

Hruih,  III  writing,  invention  01,  13 

111  rtriliiin  (illiis.l,  13 
Bullets,  niir  .niikel  used  in,  .so 

!■.  '.:'  Ill,;  ..I  iilllIS.\  49 
Buildings,  onrrele,  limv  inaile  (illuf.),  loo 
Buttons,  (in  -Uvves,  (54 
Building,  t.il!.-t  in  tiie  wnrM  tilUr  .),  3'»5  .S"'' 

u'm'  Ih.|.|,  -t  tip,'  4i><i 
Build  ng  foundations,  ii'ii--t miction  uf.  496 

i..!>i],ri<-.i-.|  air,  u-^'  111    lillus.),  ,S<x> 

itiHitit;  \':U-^  with  a  hot  flame  (illus.\  498 

driving  stei'l  jiileN,  4<yi 

jiilcs  filltHl  with  cnnerete  (illus.),  499 

l>il--,  1  "iiKlh  >•(,  497 

jiiK-'-.    MnkinK    "t    (illus.l,    497 

u-c  'if  r.xyaietylinc,  49» 
CaWc,  laying  .irnn.ring  maLliiin      Ihi-  >.  4.?7 
itrn  r.l  on  < >tlKT  siile,  4.13 

l.ulKe  (illus.).  4.17 

;;iar-payinj;-out  i'lhis.),  4,^1 

(Init  i;:i.teni.  ihi-,  434.  437 

l.in<ht:K  of  (ilhis.i  4.U 

iiiaihiiary  on  laMe  ship  {ilhi-    . 

pavin;;-oi'ii  machine  (illus.),  4.\i 

sii.'.re  end  of  (illus,  >,  429 

stormt;  of,  aboanl  ship  (illu^ 

vvli;it  tlu-v  IiKjk  likv  when  cut  in  u>o  iMhi-^ 

Cable,  octan,  (Continental  Morsi' ( '-'i     iv"* 

h.,«  .iropiK'<l  (illus.).  432 

h..H  reiiairiil  (illus.),  435 

iiivinlor  o|,  434 

l.ii!.  lio«.  42<( 

man  who  maile  it  pfjssible  4.M 

pii  iiu-ers  of,  434 

s'  'ii.ils  as  rettivcd  (illu^.),  4.^8 

what  is  it  mauc  nf.  429 
table,  repairing,  ,;r.ipncl:;  (illuo.),  435 

li'.w  r<  p.iircd,  435 

on  rocky  sliore.  (illus),  438 

powerful  enRines  used  (illus.),  436 

^;,l''  ini'  'if  (lllii--.l,  4;<'i 


.  431 


4.V' 


(  dble,  nervice,  m.ip  -it    I  ranH>Atlintii ,  4.t<i 
table,  vault,  ol  leln  iioii.-  iillua.).  '•T 
Cabriolet,  i.'2 

Cacao,  beani,  tiags  of  lillus  ),  308 
hott  1  iireil,  392 
nil'*.  392 
Cacao,  tl.ike<l.  how  ina'li'.  ,vn 
l'"«  n.ilheriil,  391 
p<«l-,  how  i-.ilhere'!.  ,v»l 
Irn  .  .hsiovery  of   3^^ 
,iii'l  1  litH  olatc,  diffeieiue  I  ei^'  "  <      •••> 
Cackling,  why  a  hen,  JM 
Calibre  ■•(  u  gun.  ,' , 
Calico,  naiMc,  wheu  from,  123 
Camera,  j2 

lirst  iiiovinu  piitiire,  3/,', 
Can  .1  iitf  stun;'  .s.t() 
Cap  inuiial-  II. 'nk'   lt)4 

Cai  dies,   dio    'I'ey    mme    I  efore    tanps'   294 
,\\i\  it  bii>n!<.  21 
why  it  n'A'^'i  Unlit,  21 
whv  yiiu  1  m  Mow  out.  21   ,\t> 
wl    ,1  intro'liKe'l    Ji)«> 
Candy,  why  ilo  -h  liir»-n  like'  4«0 

Hl.y  (lot-s  i.iiii.    ,   'T'lv  make  .«ome   , 
l,.t'   v-i 
Carbon,  35 -• 

Carbor.dte  of  "mda,    isi  •   in  'IimI' pii  >;,   -'3 
Car'juretur,  III  ^.i.N  cii^ii      184 
Cfosts  marling  macliiu  I'llus.),  171) 
dye.n-.-.  t'  r^  viT.   'i!  1  t ",    '70 
e-  jr.'ni  v  ind  repj,  ■  im  '..llus.;,  173 
how  y.nm  t?  dyed     70 
maiiuiiorurt  ot  (ilhi^.t.  ifx) 
niCJ'  m.  h'-w  made    i('9 
pajk  n<  t,~r  shipmenl  (ilhi-..i.  \7.\ 
pf'n-fs-es.  169-170-171.  173 
s)  .it.pin^  L'vlyns,  173 
ii';woi  ( i^;tory  (illus.).  1 72 
V'-aving.  by  m-ichine  lillus.).  171 
wri,  p.-ickinK  machine  (illus.;,  iNj 
vuiil  sonin>;,  170 
CartriJges,  inventior  if.  48 

t\  pes  jt  (illus.).  49 
Cavp,  man  wlio  invenli'l  .111.11  uiiition.  .\'i 
Cement,  .ilumma  in.  9.S 

amount  used  in  United  St.ites.  9.S 

arch.  9,s 

baK^niK  filhi-.i.  </j 

bri'l>;es.  9,s 

bucket  (ilhi-.\  97 

burneil  (illus  i,  98 

calcined  (illus.),  98 

(lay  in,  o.S 

crusher  •tlliis.').  07 

dams.  9,S 

fireproof.  9.S 

>;nn'lers  idlus.'',  98 

inilustry.  9.S 

Ml  water,  9,S 

kiln  (illu-.i,98 

lime  in.  9.S 

machine  (ilhis.\  9/ 

marl  in,  9,S 

mill  (illus.).  96-98 


mixing  !•!!:!■;  ' 
mortar.  99 
on  farms,  95 
origin,  9,S 
pla?tic,  9.S 


99 


Cement,  I'lrtland,  95 
|).>w.li'r  (illii'<.),  <>» 
iinirry  (illu-.i,  <)6 
rt.itit'>ri  ••■1.  1)5 
r.Kk  ifllii-.),  '».S-<>7 

'i.ilf  111.  <»S 
MVi'l  iilhi''. ),  96 

'■    ■  .1'-.-.  "IS 
■    'i.  '».S 


u.iil- .  li.S 
wli.il  i-i  It,  <j5 
wll.it  iii.ilr  cif,  >)5 

wtiiri'  ol.t.iinf.1  (illii<.).97 
Chalk,  wliin-  it  i<mu',  fmm.  iH 
Chalterini;,  u!iv  1!..  ii;\  trt-tli,  il8 
China-making,  I 'Imn' •  •  ("4 

•    .      ,    .,     ■    .,  .  ,|, ,!„...  ^o.s 

!lil>.i.  404-406 
1.  4"S 
'  I-  '.  4<'4 
(•"■ 

!    .,,■.      -11,         1-    .N.  .11.-    ■^h.l|ll•.l,    405 

iii.il  Iin^;  (illii'i.),  4i>.S 

|.t(    .iii>c  w.itrr  lri>tii « liiy  (illus),  40S 

ulvrn/.inK  m.itrri:il-i.  4114 
■.■i!\>'ri:'iiit;  t'lill  lilltls.),  404 

tn.mkiln  (illus.),  406 

cluiic:,e,  j !iv.'i.vfrs  i.l  Kun  V"'^''''"''  -»4 

Chocolate,  linitn.i.  wliat  it  is,  390 

■  ,(1 .111  Ihmiis  (ilUis.l,  3H8 

c.uu"  |>'«ls.  (illus.i,  ,V)I 

r.ii'iiii  tree,  disoiviTy  of,  388 
inittiT,  3i»c> 
•iiill  iillii^.i,  3<;o 

1  riKisliT  (iUii-..i,  390 

<(Hci:i  slifll-.  3'»<> 

I  nuking  nill,  .^»«> 

irc.ini  iiiixiiik:  lillus.)  393 

liiPfiTfncc  IvotwiTii  ami  ■  uiao,  394 

ilili|)iii>;  ili|i.irtiiirnt.  394 

tini-licr  lilltis.  1,  392 

tl.iknl  criiiia.  39J 

lUMtin>;  ni.iihini'  (ilhis.).  393 

how  arc  I  li(«  ..latf  i-amiies  made?  ,394 

liow  niadc,  y}2 

making.  393 

iti'lk,  how  111,11  If,  394 

mill  (illus. ),  39J 

niixiT  iillii.s.).  3")3 

-ili.tl  separator  (illus.),  389 

wli.it  coniii  liuttiT  is,  390 

wrapping  imliviilual,  394 
Cigars,  li<,w  tlicv  an-  iiiaiU',  517 
Clay,  w!i.il  is,  495 
Circles,  ti-ivli'iiry  t»  walk  in.  91 
Clinking  t;lassos,'  hnw  it  ori>;in,ito<l?  232 
Clock,  .i«i-  if,  3'9 

l.ir;;<-^l  in  tin-  worM  (illus.),  321 

!!i:i'!'.im'!V  win  li  nuis  a  l.ii;  (illus.),  322 

in  Iti.lop<ndi-niu  Hall  (illus.),  323 

in  Nfw  York  City  Hall,  323 
Cloth,  l.i'aniing  (illus.),  89 

liurline  (illus  ),  «« 


Cloth.  Hurr  piiktr.  »7 

,11  . .  '..  .  ■    .1 

1 

III       •:    |K-|I   (llllt:    llU-la.; 

lui;  ni;  (iljiis.i,  9" 


•»8 


9" 


h'  iw 

t,.„ 


'  rihintc  (illii'*-^  "'■ 


pif.<  iliiiiik;  (illus.1,  i)«> 

rinj;  twisting  (illus.  1,  Ki» 

sulpliurii'  and  snlutiMti  ui  mjiking,  «7 

lras4'l,  S9 

wraviiiK  and  s»i.urini{  (illus.),  88 

wtb,  86 

woilen  mule  spinning  (illus.),  89 

wiTsttil  lardiuK  (illus).  H5 

varii  inspiitiiiK  lillu^.l,  89 
Clothe*,  cost  uf  wixil  in  a  suit  "I,  8^ 

I, I  wc«,l,  841 

w.(.l  in  '•m-  suit  nf,  83 
Coal,  .inthr.uiti-.  2.S-.  258 

autlir.iiitr  siaiiis  (illus.),  2f>0 

bri-aktr  nllus),  2,S7 

lars  r.'ady  to  v,"  '"  surfaic,  (illus.)  i««i 

clanRfrs  tii  tlif  miners,  2fi2 

i-lcitriv  cap  '''"'l'  (illu^)'  -<»4 

firedamp.  2<>2 

Kas  illuminatini;  from,  299 

g.lSCS,  2h2 

histrirv  of  the  s;ifoty  lamp  (illus.l,  263 
hiiw  the  iTiiniTS  loosen  the  eo,d  (illus.),  26: 
iiow  the  slate  pickers  work  (illusi,  259 
lamp  which  s;ives  many  li'  es,  2«>3 
man  who  inventnl  the  Siifety  lamp,  2(14 
mine  workers  that  never  see  day  liK'",  ■J.S'* 
mules  anil  their  drivers  (illus.),  258 
]K"at,  262 

Siifety  lamp  and  firedamp,  2<)2 
seams  (illus.),  2f>o 
shaft  gate  (illus.),  260 
slate  pickers  (illus.),  259 
soft,  2.S9 

spiral  slate  pickers  (illus.),  259 
stable  underKro'.ind  (illus.),  258 
I'ndercutting  with  eompresseil  air  ma- 
chines (illus.),  261 
undercuttin);  with  pick  (illus.),  261 

Cocoa.  i'.ee  Cacao 

Cocoon,  description  of,  115 
,  oiiiplcted  (illus,).  u(> 

from  which  mollis  have  emerged  (illus).  1 17 
how  silk  is  reeleil  from,  118 
moths  emerKin;;  from  (illus,).  117 
lumilKr  reiiuircil  to  one  pound  of  silk.  117 
silkwom;  liejcinninK  of  (lilus).  I  Id 
Mlkworm,  preparing  I'^r    making  of  (illn-..  1 
116 

Coins,  gold.  266 
in  glass  of  water,  38 
silver,  Kitt 

Cohesion,  definition  of,  .?iij,  i.'o 

Cold,  why  some  things  are,  144 

Color,  exposed  to  light  ravs,  3(1 
in  [laint,  229 
what  it  is,  123 

Colors,  different  in  birds'  eggs,  2.33 
in  sunset,  cause  of,  253 


Color,  oi  rainliow,  253 

rel  wliv  it  m;ikcs  a  bull  anRry,  4'>o 
Columbus,  l,r..uKht  hrst  shcq)  t..  Aiiicru-a.  ho 
Comb  honey,  .k'vcli.pmi-ni  of  ^lllu^.^  5-'J 
Compounds,  . cmpari-l  with  fk-.m-ms,  .u>) 
Compressed  air,  inelh..l  in  buiUlint;  Uinml.-. 

Concrete,  buiWiiiKS  (ilUi^.),  loo 
>..n>lrucli<m  (illus.;,  loo 
ikiay,  101 
engini-erinK,  l<>- 
fonus  (illus.).  KH) 
houses  ulbis-).  loi 
toads  (illus.').  mo 
mold,  loi 

ornamental  (illus.).  lOO 
pracliial  usi's  (,f  (illus.),  l<x' 
nisluiK,  too 
Silo  (illus.).  102 
stable  (illus.),  102 
sun  ilial  (illus.),  loi 
tensile  strain.  104 
tower  (ilUi.-.i,  102 
walls  (illus.).  KH) 
water  tower  (illus  >,   102 
what  it  is,  i>.S 

wi^i'l.  102  .   ,        1 

Confucius,  philosophy  written  with  hnisii.  i,^ 
Cooking,  when  lirst  liseil.  ,?oS 
Copper,  a>  a  con.Uutor  of  eleetruity,  2<>7 

Win-.  telej;niph.  2t>6 
Com  plant,  how  pollen  fertilizes.  170 

whv  it  ha-  silk.  17'' 
Co  nSilk,  wiiat  h  i--  lor.  I7«> 
iialin^  pri-ssi'S  (illus.),  47(1 
Cotton,  ilrawiiiK  frames  (illus.).  472 
-l.L-hirs  (illusl.  47.i 
-l):nrinK  fraims  iillus.),  473 
warping  UKu-hine  (illus.).  474 
what  nation  priKluces  the  m(jst.  -j77 
liow   mucli    cloth   will   a    pound   of   cotton 

make.  477 
null  (illus.),  471 

cloth,  first  steps  m  makmi;;.  47- 
puttinR  tibcr  on  bobbins  fiUus.).  473 
cloth  tinishi'J  (illus.).  476 
who  discovered,  477 
weave  rxjin,  47. S 
where  it  comes  from,  470 
lapper  machines.  47 1 
card  room  (illus),  472 
liobbins  (illus.),  47.? 
dve-house  (illus.).  474 
beaminR  frames  (illus.).  47,S 
inspecting  tables  lillus'.  476 
fieM  a  s(.ulhem  (ilhisi,  470 
breaker  machines  (illu-. ).  471 
slub;)cr  machines  (illu.-.i.  47^ 
siH-eders  (illus. >,  47,? 
spooling  m.ichine  (illus.  1.  474 
shippinK  (illus.),  47<> 
wn.it  used  for,  477 
cloths,  wh.it  arc  the  principle,  477 
Counting,  man,  himself,  l'> 
in  tens,  i<) 
in  twelves,  20 
Crying,  what  makes  us,  I'lS 

\s!,.n  hurt.  \.-hy  we.  9,? 
Cross-bow,  invention  of.  44 
Crude  rubber,  how  treated,  3/8 


Cu'.veriues.  I  :i  i>   ;>[■     ■••ir' 
Cylinder  in  gas  engine  (illus  1, 
Darkness,  ..its  .  .ui  see  in.  vl 

some  animals  can  sec  in,  <)l 

why  we  cannot  sec-  in,  yl 

whv  we  Iv.ir.  3,S2  ■      .  _, 

Deep'  sea    diving,    the    icleiinoiic    adjusting 

(illus.),  202 

tominn  up  (illus.).  204 

tost  of  outlit.  203 

heliiu;.  pultinj;  on  (illus.  1.  202 

just  before  Koing  ''o""  (.ilhis.),  204 

outlit,  202 

shoes,  puUinK  on  (illus.  1,  202 

suit,  puttini;  on  (illus.),  202 

telcphonint;  from  iHittom.  203 

tdcphone.  testinj;  the  (ilhis.).  203 

testiuK.  lin-'l  (iHu^^^'.  ^"3     ,       , 

w.-iter  pre>surc  ..t  varying  depths.  203 

wc;ilth  recovered  by  dlV!n^;.  2.  . 
wcijrht  oi  outfit.  J03 
Deer-stalking  with  the  cross-bow  (ilhis).  4- 
Detonators,  in  firearms.  47 
Developer,  I'yro.  in  photography.  ■:.\ 
Diamonds,  what  ir.ailc  of.  3.SI 
Did  .  ..ndlcs  come  before  lamps: 
Die,  \\l!V  ilo  we  h.ivc  to,  24,S 
Difference  in  wo-ilciis  and  wors 
Dimples,  wh.il  causes.  352 
Discovery  of  gunpowder,  44 
Discovery  of  MruiKiil  musicil  mstruments,  4/9 
tdcphoiR-.  71 
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Diver's  task  maile  easy 
Diving,  deep-sea,   the 

(illus.i.  202 

cost  of  outlit.  203 

hats  of  .livers,  204 

just  before  j^oitiK  down  (illus.) 

helmet,  puttinnon  dlhis.).  202 

shoe-,  piittinj;  •n  lillus,  1.  202 

suit,  putting  on  the  (illus,).  2". 

suit,  what  con.sists  of.  202 

teleplv  tie  from  iKJttom,  2<>3 

lelephi  niuR.  testing  the  (illus.i 

testins;  rm.il  (illus),  203 

water  pressure  at  >aryinK  .iepthv 

wealth  recovered  by  (Uviiig,  204 

weight  of  outlit,  203 
Dixie,  what  name  means,  124 
where  name  originated,  123 
Does  air  weigh  anything,  y)» 
Does  the  air  surrounding  the  earth  move  with 

it '  400 
Does  thunder  soui  milk,  I9<' 
Does  light  weigh  anything.'  37. 
Does  the  sun  revolve  on  its  axis?  ,sil 
Do  father  and  mother  plants  alw.-iys  live  to- 

either?    Uf'  I       i>     , 

Do  the  ends  nf  the  rainbow  rest  on  land.  2,S4 
Do  tlie  st.irs  really  shoot  down'  2.S.S 
Dor,  whv  he  turns  r. .un<l  befon- lying  down.  22') 
Dolls,  why  girls  like,  3<*  ,  , 

Dom   Pedro,  I'lnperor   of   Brazil,  who    -..vol 

ilic  icU  plioiic,  73 
Do  I'l, lilts  breathe?  24I 
Draft,  crcited  by  chimney,  37 
Dreams,  cause  of  .'si* 

nightmare.  367 

what  makes  us?  366 
Drinking,  origin  of  clinking  glasses,  231 
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Driving  shield,  airlnck  Imlkhcad  (ilUis.),  2\o 
.T.Htor  (illii^.).  2IO 
intunnt'lhuililint,'  (ilhi-;.),  2n>i 
invenliir  "f,  2n>) 
tunm'U.  frimt  vii  .v  (ilKi--.).  i»)>> 
Ducks,  why  w:itL-r  nins  ■ilT  hacks  of,  233 
Dust,  ill   lir,  .^H 

All, It  it  i^.  I<>4 
Dyeing,  silk,  121 
Karache,  ivh.it  rauscs.  410 
Earth,  \v>w  lii^  it  is,  1^4 
li>;hl  <\irroiinilinK,  .^S 
Echo,  wh.it  in.ikf>  an.  •"><> 

\vhi<pfnn>;  >;allrrv,  jci 
Eggs,  liir.ls  why  (litti-r.-m  .-..Inrs,  2^3 

ilkw.irm,  how  iiii|n'rli-il.  Ill 
Egyptians,  Ii'iw  aniiciiK  wmtc,  12 
Electric  arc,  tctnper.tture  of,  35 
Electric  current,  what  it  i~,  ,VH 
Electricity,  i  .Mi.lucturs  of,  331 
rurniit.  ,V14 
>;o.h1  romluctors,  3.^1 
how  (iisrovoroil.  333 
non-coniliutors,  331 
wli.it  is,  32<) 
Electric  lighting,  arc-linht ,  307 
IMiion's  lirst  lanii!  (■Uiis.l,  .v* 
111.  .iivli'stvnt  f.irhoTi  I. mil)  (lUus.),  306 
M.iZ'la  lamp  lilhi;'.  .V*' 
t.mtalum  tamp  (illus.i.  3i)f> 
TuiiKsten  meal  l.mips.  .vi.S 
when  intro.hu-eM.  305 
Elements,  r.irlion,  3,SJ 

,oiiip.irc'l  witli  oompoumls,  349 
liy.irosien,  .•?4<) 
nitroHi'n,  3,S<> 
<ixyKLTi,  349 
wh.it  ail  is.  349 
Elevator,  .U'scriplion  m'  (illus.),  397 
insl.iU.ilion  (ilhis.),  39(1 
prin.ipal  parts  of,  39(1 
whv  .I'K-s  not  the  la.'  fall.'  .VI7 
Emperor,  -ivcl  tlie  telcpliono,  73 
Emperor  of  Brazil,  receives  tirst  messiige  over 

tir^t  toleplione.  74 
Engine,  gas  (ilUis.i.  i.si-is.' 
larliuretor,  1S4 
cylin.ler  (illus  ),  I«4 
hor<e  power,  of.  25(1 
Exchange,  lirst  leleplionc,  7.S 
Exhibition,  of  first  telephone  at  Centciininl.  74 
Experiments,  with  mirror  resultan<  "i  ;^i'.''o. 

•.■•ipli,  22 
Exploding,  .1  sulmiarinc  mine,  ,^4 
Explosions,  how  they  break  windows,  62 
HI  ill  .  en>;ines  (illus.),  182 
of  sulim.arine  mines  tillus.),  34 
what  hajipens  in.  20.s_ 
Explosives,  iletinition  of,  20.S 
hLi^iuiK  ficl.itin,  206 
);un-c-otton,  21)6 
nitroKlyierine.  206 
Eye,  of  a  suhmarino  (iIlus.),  274 
Eyes,  closed,  walking  with,  91 
h.iiid  quicker  than,  37O 
help  br.'iin  in  walking;,  91 
in  some  nietnres  follow  you,  why.  ?fi 
ke<'|)inK  bo<1v  balanccii,  91 
natures  way  of  protecting,  38 
proleetin?  with  tears.  38 


Eyes,  sparkle  when  merry,  why,  92 
why  we  can't  sleep  when  op"n,  92 
why  we  sec  stars  when  hit  on,  268 
Eye-wash,  te.irs  as  an,  3« 
Fabrics,  worsted,  «.S 
Fahrenheit,  what  is  meant  by,  221 

...:/.     ...mIKv!.  221 
Fastest  .   mm  r,,  m  tlie  world,  2,S 
Fathers  and  Mothers,  ilo  plants  have,  I7,s 
Federal  Government,  Kraziii);  fee  paid  to,  «2 
Fertilization,  n!  l.irds.  179 

liou  corn  pi. lilt  tertihzes,  I7«> 

of  fishes.  177 
Fight,  of  Merrimac  and  Monitor.  32 
Film,  before  and  after  snapshot,  23 

seiHitive.  23 
Finger  prints,  anli.  (illus.),  520 

compo-itc  (illus.l.  .S2I 

of  dilTclclU  people,  ,S2I 

enl.ir>;einent .  of,  524 

how  tliev  i<ientify  us,  520 

impressi'ons  of  oranK-outang  (illus.),  ,S22 

loop  (illus.),  520 

piUmary  impressions  (illus.l,  .S22 

sjK-ciman  form  <-'(,  record  (illus.),  ,S2,S 

spike  that  cauKlil  a  cnminal  (iiius.),  .S2t 

tiiieves  caURht  through  their,  .S23 

thumb  imprint  on  bottle  (illus.l,  523 

thumb    impression    on   cash   bo.\     (illu--. 

thuuib  mark  on  a  candle  (illus.),  523 
where  first  used,  .^22 
vvhorl  (illus.).  .,21 
Fingers,  why  they  hurt  when  cut,  143 

uh\'  we  have  ten,  142 
Finger  nails,  why  we  havi .  142 
Fire,  al.inii-;  when  first  used,  308 
lir'-t  apparate--  to  fight.  308 
first  tire  department,  308 
first  real,  fire  engine,  308 
g.ases  put  out.  37 
how  man  .liscovored.  289 
how  man  learned  to  fight,  208 
ho-  ■  man  learntvi  to  make  a,  289 
mark,  of  civilization,  290 
why  it  goes  out,  37 
whv  is  it  hot?  401 
whv  put  out  by  w;.ter,  222 
Fire  making,  drilling  (illus.l.  289 
drilHng  with  bow  string  (illus.),  290 
drilling,  two  persons  (illus.l,  290 
first  matclics  (illus.).  292 
flint  and  pvrites  (illus.)  29*) 

flint,  introduction  of  (i'lus.),  39I 

plowing  (illus.).  290 

pN-ritcs  (illus),  290 

rubbing  sticks  together,  4J 

sawing  (illus.).  289 

ste^il  and  Hint  (illus),  291 

tinder  box  (illus.').  291 

tinder  box,  pistol  (illus.),  291 

witli  matches.  292 
Firedamp  262 

cxiilosion  in  s;ifety  lamp,  262 
Firearms,  first  crude  efforts  ot,  45 

first  real  (illus.),  45 

fuse  of,  4,S 

in  e.iily  Chinese  histcry,  44 

first  trigger  of,  45 
Firing,  mortar,  causes  gas-rings,  27 
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First  i,„.;i-*..rryinK  aeroplane,  lJ-< 
real  tt'lcgraph,  421 
strinj;<-il  nnisual  instrument,  4»o 
tcU'pliimi'  (illus.K  72 
teU'plv'iu-  lim-,  72 
trU-plii'ilc  <w1tcli!>iiarM  (illu^.),  "4 

Fishes,  li"vv  tlK'V  ;if  '"■'■"•  '77 
Imw  tlivy  iMiiu'  til  lite.  177 
niotiim  in  swimtnint;.  2^:>, 
what  thf  CKKS  ari',  177 
Why  thi'V  lannot  hvr  in  air,  2^2 
Flag,  maiit.  how  was  .\iniriian.  .^lo 

■>,,,!•.  when  was  AniiTuan'  .^i<> 
Flash  pan,  early  tyju'.  4.S 
Flaxseed  oil,  what  it  is,  227 
Flight,    . I  pn.ieetilc,  lung,  30 
FUnt-lock,  invented  in  seventeenth  .  entury,  4(> 
ituente'!  by  thii'ves.  4(1 
■-litl  in  use  in  Orient,  4h 
Floor,  snimds  thrcuKh  a,  7<» 
Flrur,  Loiters  (illus.),  46.S 
liow  niaile.  4(>2 

purifying  machine  (lilus.),  4«>3 
sieves,  4(),S 
Flowers,  why  they  have  smells,  17" 
Flying,  luiw  binls  Uarn,  17S 
ho.it.  won.lerful  (tUus,),  i,v^ 
first  Langlev  monoplane.  126 
first  sucerssful  aeroplane  (lUus.).  126 
•iiaehino,  tirst  mixlels,  127 
-  >mc  i>f  the  men  who  hclpe.l,  126 
•en  vears  i.f  (illus.U  l.?7 
Flying' boat,  fun  in  (illus.  1,  i.v; 

j;Hi!nii;  liv.  1,17 
Flying  boot,  interior  arrangement  Ullus.i.  i -,4 

ni'iioplane  type  (illus.l,  I.VS 
six-passi-ngef  hull  (illus.),  134 
spee.l  of  (illus.l,  I.VS 
tiie  wr>nc!erful.  i.VI 
vie-.v-  ot  ulUi~.  ■.  I.V5 
Flying  machines,  121) 

ni.riot  flew  in  Europe  (illus.  ,  I2q 
Curtis  biplane  in  flight  (illus. ■»,  136 
Dr.  l-angley's  flying  (illus.),  127 
early  types  of,  127 
first  (leninnst rations,  1,30 
first  flight  in  Kurojie  with.  12cj 
first  man-rarrying  aeroplane,  12H 
first  nioilels.  127 
fiving  boat.  13.1 

flviiig  b'Kit,  exti'rior  arrangement,  134 
jii.litig  experiments.  137 
Sovenuneilt  interest  in.  138 
.lull  of  flying  boat.  134 
interesting  government?  in.  1,38 
Wnght  Bros.,  tirst  flights,  130 
Focus,  in  eye.  22 
Fog,    '.hat  it  i>.  lo.s 
Food,  hi 'A  w>  Uanie.l  to  ofx.V.  .308 
Foreign  monoplanes,  some   famou>    dllu'- 

Forsythe,  LL.D.  J.,   inventor  of  the  primer  4: 
Freckles,  wliat  makes  them  eomc.  12,S 
Fuse,  for  hreamib  in  early  history,  45 
Funditor,  42 
Gas,  a-  i.iv!tv:e,  .^i^J 

(ielinition,  ?iH 

first  strurtnro  to  be  lighte.1  by,  3"2 

in  coal  mii.es,  262 


Gss,  illuminating,  Haltimore  first  city  to  use. 

.V>2 

carbon  in.  302 

discovoreil.  when.  302 

first  .\merie,in  house  t.i  u-^e.  .V'2 

first  praetic-al  demon-tration  o|,  302 

generator  house  (illu'^.i.  2<;<» 

hoMer  (illus.l.  2i)H 

how  it  gets  into  let,  .V2 

how  it  is  piiritieJ.  303 

how  maile,  3"3 

how  the  meter  w.rk>.  .V>4 

hvclrogeii  in,  ,vi2 

iiiipurities  removeil  from  lilUi-.,",  ,V'I 

let.  the  story  in  a.  .VM 

m.i'le  of.  ,V)2 

meter,  ilescription.  .304 

purifying  boxes  (llhi'^.'.  .V'l 

lemo'viiig  t.ir  from.  .Vk> 

shaving  s,nibbers  (ilhi-i,  .V") 
Gasoline  engine  lillus.i.  ix\.  i>>2 
Gases,  ^;.■!u  r.,te.l  ,it  gun  muzzle.  27 

hou  ispelle.l  in  ■,"!"  "U'oi .  ^> 

liylrogen.  34<» 

nitrogen,  3.S0 

oxvgen,  349 

tenc'ency  to  put  out  fire.  37 
Gas-ringsj  in  firing  motor.  27 
Gathng,  inventor  of  gun^.  3'" 
Gelatine,  in  (iliotography.  2.\ 
Gestures,  t.ilking  by.  \X 
Ghosts,  wliat  are  they.'  3'>7 
Glad,  whv  '\«  we  laugh  when,  92 
Glass,  why  it  crac  ks,  63 
how  long  knr.wn.  247 
Glass,  plate,  easting  (illu-^.'.  249 

eomnuTiial.  240  . 

plate  an.i   window   glass   eompare.l    alius.) 

2,<;2 
GUss,  plate,  making,  .mnealing.  oven,  249 

be\.!nii;.  .'47 

blanketing.  252 

clav  mixing  iilhis.').  248 

clav  tr.iiiipliiiK  Hllus.),  24S 

clay  useil.  2(7 

grin>ling  table.  2S<> 

materials  um-'1  in.  247 

mcreury.  2.S3 

nitrate  of  silver.  2,13 

pots  (illus.),  248 

pots,  drving  of,  24H 

pots,  length  of  usefulness,  248 

silvering,  247 

skimming  the  pot  (illus.),  249 

treading,  247 
Glow-worm,  whv  docs  it  glow.'  2.31 
Gold,  whv  is  it  calle<l  precious.'  26<> 
Gong,   why   does   it    stop   when    it    ha-   t^en 

Goodliicki  whv  :t  horscsluM-  brings?  3' ' 
Graphite  in  le.id  pencils,  468 
Gravitation,  what  is.  2(17 
Gravity,  -  enter  of.  in  gun.  M 
Gravity,  force  of.  61 
Greek  fire,  in  e.arty  history.  44 
Growing,  why  do  we  -lop.  19,5 
Gun,  action  at  muz/ie.  J7 

anne.iling  a  gun  ingot,  .17 

assembling  of,  4.S  .S4 

;in!Uebirs  of,  i.s;7'  47 
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Gun,  barrels,  erosin  of,  35 
blmv-holes,  56 
1,1  ire  searcher,  S9 
breech  of  a,  53 
.iischarges,  force  of,  33 
lulibre  of  a,  53 
clastic  limit,  5« 
elongation,  58 
forging  a  (illus.),  52 
lie.it  treatment,  58 
hoops  of  a,  54 
improvements  in,  45 
ingot,  valibre  of,  55 
l.icket  of,  54 
iongth  of  a,  53 
liner  of,  54 

life  of,  3S  .        .         o 

manufacture  in  America,  4s 
measuring  inside  diameter  (illus.),  59 
mi»lcrn  built-up  (illus.),  54 
mold  for  ingot,  55 
muzzle  of,  53  ... 

pressure  generated  in  a  big  gun,  54 
photography  (illus.),  33 
piping.  5() 

powder  chamber  of  a,  53 
rifling  (illus.),  60 
rifling  of,  53 
shrinking  pit,  59 
tc-sile  strength  of,  58 
(.ict.iry,  testing  matenals,  (lUus.)  50 
t  ibe  of,  54 

tube,  how  it  is  tempered,  57 
why  c.illcd  galling,  310 
wife-wound,  54  t-     1      1    ., 

Gun-barrels,  imported  from  England,  49 

n  -it  Tii;  pressure  of,  34 
Gun-cotton,  in  smokeless  powder.  35.  Joo 
Gunpowder,  Chinese  prob.abIe  discovers  of,  44 
I         .hs.  I  iviTor  of,  44 

experiments  bv  Schw.-irtz,  45 
formula  of  Roger  Bacon,  45 
ingrolients  in,  205 
m;mufactured  in  monasteries,  44 
wh.at  causes  the  smoke?  206 
smokeless,  what  made  of.  206 
why  some  is  fine  and  others  large  grained 
206 
Gurgle,  in  bottles,  63 
Hail,  what  causes,  124 
Hair,  wh,it  causes  baldness.  143 
■Aliy  it  don't  hu't  when  cut.  143 
whv  i;  krtr-,  growing.  144 
Hand  bombards,  eiirly  types,  45 
Hands,    baking,  why  with  the  right,  231 
Hansom,  whv  so  called,  122 
Have  i.l.mts  fathers  and  mothers?  175 
Heart,  why  beats  during  sleep,  iqi 
«hy  beats  f.aster  when  sca-cfl,  191 
wliy  beats  faster  when  running,  19' 
Heat,'  light  wave  changc<l  into,  36 

why  a  nail  gets  hot  when  hammered,  230 
why  some  things  are  warm,  144 
how  we  obtain,  23I 
Hemp,  Manilla  (illus.),  35^ 
Hobson's  choice,  how  ongin.'»ted,  3" 
ii„p.eo_  ;ioiar\'  in  summer  (illus.),  5,H 
how  produced,  527 
worker  comb  (illus.).  532 
manner  of  using  German  bee-brush.  S^^ 
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Honey,  lini'-iicd  pfdiRt  (lUii...,.  .S3J 
ir.rnc  (illus.),  535  , 

how  to  bump  the  bees  off  a  comb  (illus) . 
bee-hat  (illus.),  535 
a  study  in  ceU-in;iking  (illus.),  532 
bee  sting,  can  a  536, 
frame  of  bees  (illus.),  535 
cr>mh.  liow  bees  build.  536 
He     y-bee,  poison-bag,  537  ,.„     . 

egg  of  queen,  under  microscope  (illus.  1 
preparing  for  rearing,  531.  _ 

living  on  combs  in  open  air,  (illus.). ,i2, 
the  daily  growth  of  larva'  (illus.),  532 
effect  rjf  a  sting  (illus.),  ,53<> 
worker-bee  (illus.),  527 
what  the  (lueen-bee  does?,  528 
drone-comb  (illus.),  532 
clipping  queen  bees  wings  (illus.),  .533 
cucumber  blossom  with  bee  on  it  (illus.),  528 
queen-bee  (illus.),  527  „„      , 

the  queen  ami  her  retinue  (illus.),  529 
quei'n-re.iring.  53' 
(lUicn-c.Us  iilhis.),  529  , 

Honeymoon,  why  do  they  t;dl  it  a.   3" 
Horizon,  liow  far  .away  is  the,  245 
what  IS  it,  244 
v.Ik'iv  i^  it,  244  .    . 

Horse-power,  a.  what  it  is,  256 
Horseshoes,   why   it   is   said   to  bring   good 

luck?  .ui 
Hot  box,  <'au-K'  <  'f ,  368 
HouiUer,  i'rencli  gunsmith,  .^8 
Houses,  .-oncrete  (illus.),  loi 
How  l.ir  d'X-s  the  air  extend?   243 
IS  ammunition  made  (illus.)'  49 
does  an  arc  light  burn  ?  307 
are  automobile  tires  made'  382 
does  a  honev  bee  live?  33f> 
does  a  bee  make  honey?  527 
do  bees  build  the  honey  conib?  536 
does  the  honey  bee  defend  itsell .'  53f> 
does  honev  develop  in  a  comb  villus.).    ,i3" 
<lo  birds  learn  to  fiy?  178 
do  birds  find  their  w.ay?  407  ,-,,,,  ^,K 

does  the  blotter  t.ake  up  the  mk  of  a  blot.    18 
this  book  is  bound,  578 
this  book  is  made.  501 
the  paper  in  this  book  is  made.  5^1! 
the  pictures  in  this  both  arb  made,  5«l 
are  bullets  made?  51 
is  an  ocean  cable  laid?  429 
does  a  camera  take  a  picture,  22. 
is  a  cable  dropped  into  the  ocean  (illus.; .  43-: 
are  mo<lem  carpets  m.ade?  l<y) 
is  a  carpet  woven  by  machuicry  ?  1/ 1 
is  cliina  decorated?  406 
is  china  made?  404 

is  chocolate  made?  392  .        .„.  .  „ 

did  the  custom  of  clinking  glasses  in  drinking 

originate?  232 
are  cigars  made?  517 
is  cloth  made  from  wool?  86 
did  the  coed  get  into  the  coal  nimes?  257 
does  a  coal  mine  look  inside^  260 
do  the  cocoa  beans  grow  (illus.).    ,39'  .,, 

is  the  color  put  on  the  outside  of  the  pci.cU. 

:-  jr??  !,„„„,  -xn-fy  tri-d.-'    5,12 

are  roi^'crete  roads  built  (illus)  ?  103 
did  man  learn  to  cook  his  fixnl?  308 
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How  are  cmirotc  ImilJinK';  ma'lc  (ilhi'  1^  Ino 
is  woolen  clnth  ilyetl.'  «7 
biK  is  theeartli?  124 
much  of  Ihe  o.irth  docs  the  sun  shme  uri  ..1 

one  time'  3^4 
(Iocs  :m  elevator  Ro  up  and  down  (illus.)?  .V)»> 
was  electrieitv  tliseovcreil.''  333 
doc-i  the  liKlil  K^'t  '"t"  *•'<-'  '■'"trie  bulb'  305 
is  the  eraser  put  on  a  pemil.'  4<i<> 
can  an  exp'osion  break  windows.'  62 
explosions  may  occur  on  subinanncs.  278 
docs  tlie  farmer  use  concrete  (illus.  i!'   im 
do  our  liUKcr  prints  indentify  us.'  520 
did  man  learn  to  fight  lire'  3i)« 
di.l  man  learn  to  make  a  fire.'  289 
are  I'^hes  born.'  177 
was  tlie  flat!  made:'  310 
is  flour  made!'  462 
d<ies  a  fly  walkujjsidc  down?  454 
did  men  learn  to  fiy.'  126 
does  the  tjas  j»ct  into  the  Ras  jet?  302 
is  illuminating  gas  maJei'  303 
is  gas  purifictl?  303 
is  plate  glass  mailc'  246 
is  plate  glass  ground?  250 
a  wire-Wound  gun  is  made?  54 
was  the  lirst  American  gun  made  (illus.)?  47 
is  a  gun  ingot  made?  55 
do  we  find  the  length  of  a  gun'  53 
is  a  gun  tube  temiicred?  57 
do  we  obtain  heat  ?  231 
the  heel  of  a  shiie  is  put  on  (illus,  1,  ,s6o 
did  Hobson's  choice  onginatc?  31 1 

iar  awav  is  the  horizon?  24,s 
does  a  Wcy  turn  a  lock  (illus.)?  401 
does  a  spring  lock  work  (illus.)?  41)2 

are  leal  pencils  made?  467 

do  tlie  miners  loosen  the  coal?  26 1 

is  liglit  produced,  230 

are  magnets  made?  335 

are  matches  made?  2<)3 

arc  match  boxes  made?  294 

di<i  man  leani  to  semi  messages?  412 

does  the  meter  measure  tlie  gas?  304 

can  microbes  spread  through  the  body?  410 

are  mirrors  silvereil?  522 

big  is  a  molecule?  348 

did  money  originate?  455 

arc  moving  pictures  made?  36<) 

docs  the  music  get  into  the  piano?  478-482 

did  the  word  news  originate?  312 

did  a  ni"!  come  to  mean  yes?  19 

did  shaking  the  head  come  to  come  no?  19 

are  paints  mi.xed?  228 

is  a  photograph  develope<l?  23 

was  the  piano  tliscovered?  479 

do  plants  breathe?  241 

do  plants  reproduce  life?  175 

does  *hc  shield   cut  through  the  ground  in 
tunnel  building?  212 

are  shcx.ting  shells  photographeii?  24 

shoes  are  made  liy  machinery,  .S49 

shoe  machinery  was  developed,  457 

is  cnide  nil)ber  .secured?  377 

is  rripe  tunie<l  and  twistcfl?  358 

are  niliber  tires  made.'  37« 

are  modern  rugs  made?  I69 

to  splice  a  r'>pc.  3f)4 

do  men  go  down  to  the  bottom  of  the  tea? 
?o? 


How  did  the  sand  get  on  the  seashore?  loH 
far  b.ick  does  the  silkwc.rm  date?  KX) 
was  silk  iui  oduced  into  Kurope?  IK) 
are  the  silkworms  cared  lor.'  113 
do  we  know  a  thing  is  soh<U  liiiuid  or  ga.s?  348 
are  sounds  priwUucd?  485 
f.i.st  docs  sound  travel?  486 
can  sound  come  through  a  thick  wall?  79 
is  the  volume  of  sound  measured?  242 
far  does  space  reach.'  2,S<> 
do  the  slate  pickers  work?  2,S9 
docs  a  captain  steer  his  ship  across  the  ocean? 

407 

can  a  ship  s.iil  under  water,  269 
is  a  submarine  submerged?  270 
do  sponges  grow?  286 
do  sponges  cat  ?  287 
arc  sponges  caught?  287 
are  the  stars  countcil?  241 
big  is  the  sun?  141 

hot  is  the  sun?  141 

is  a  stii'l  pen  made  (illus.),  17 

did  man  learn  U'  shoot,  40 

do  we  get  wo<il  off  the  sheep?  82 

is  a  stone  thrown  with  a  sli'-g?  41 

are    metallic    and    pa]    •        -'Is   filled    with 
powder?  50 

did  man  leani  to  talk  ? 

did  the  telephone  come  to  be?    -o 

f.ast  does  thought  travel?  242 

does  a  telegr.im  get  there?  414 

did  man  learn  to  tell  time?  313 

did  man  begin  to  measure  time?  3 '4 

di(i   men   tell  time  when   the  sun  cast  no 
shadows?  317 

is  the  time  calculate*!  at  sea?  315 

is  tobacco  cultivate<l?  516 

is  tobacco  cured?  ,Sl6 

w.is  tobacco  discovered?  SI 2 

is  tob.acco  harvested?  ,SI,S 

is  tobacco  planteil?  ,SI4 

is  a  tunnel  dug  under  water?  208 

does  water  put  fire  out?  222 

is  while  lead  m:ide?  22,s 

are  wires  put  under  ground?  76 

did  writing  first  come  about?  II 

dill  the  Chinese  write?  13 

did  the  Monks  do  their  writing?  14 

does  a  pen  write?  18 

docs  does  the  wool  in  a  suit  of  clothes  cost? 
83 

much  wcx>l  does  America  produce?  82 

is  wool  l.aken  from  the  sheep?  82 

is  the  yarn  for  carpets  dyed?  170 

is  oxide  of  zinc  obtained?  226 

does  the  water  get  into  the  faucet?  501 

are  the  big  water  pipes  laid,'  .^04 

did  the  name  Uncle  Sam  originate?  458 
Human  body,  wonders  of  the,  31 1 
Hiuituig,  witli  the  bow-and-arrow,  43 
Hur',  Aiiv  we  cry 
Hydrogen,  what  it  is,  349 
Hypo,  used  in  developing,  23 
Impact,  of  projectile  from  guns,  28 
Ink,  how  dews  a  blotter  take  up?  18 
Instruments,  -rtillcry,  testing,  24 

musical,  488 

opticil,  ba-ed  on  refraction,  38 
Incandesc  nt  lamp,  development  of,  306 
Inside  '  f  .i  mine  pi.inting  submarine  (illu«),  277 
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Iron,  cast,  265 

melts  at,  35  ,      ,, 

the  iii.'Sl  valuable  metal,  2(>5 

wrounlit,  2()5 
Is  a  muth  atlracte<l  by  a  light?  28» 

man  an  animal    l»o  . 

the  hanii  iiuickcr  than  the  eye'  37" 

llicre  a  reason  for  every llmiK'  200 

tiiere  a  man  in  llie  inoonf  4'-" 

vawiiinK  infectious?  192 
Tacket   oi  a  i!un,  S4 
Japan 'the   natural   home  of   Ine   sik    «.,rm 

^■AU'-'.  112 
Kentucky  riHes,  45.        ,     ,    ,.„      .    .„, 
Key     1  .w  11  works  in  a  lock  (illus.),  491 
Knots,  .lirterenl  kin.ls  of  (lUus.),  363 

wh.ii  makes,  in  boanls,  223 
Lambs,  Siberian  in  South  Dakota  (illus.).  So 
Lamps,  lirst  street  light  in  America,  296 
tlic  Cl.uiny  safely,  264 
Jul  lan.Ues  come  Ijcfore.'  294 
earliest  forms  of.  295 
Edison's  tirst  (ilUis.),  30(1 
incandescent  cari)im  Ulhis.),  306 
incanlescent,  deveUipment  ot,  300 
mean  lescent,  electric,  wlien  invented,  305 
French  watch  tower  (illus.),  295 
M.izla  (illus.).3of>    . 
from  N'.ishagak  h.-nging  (lUus.),  297 
Pagan  votive  {illus  ),  296 
Tantalum  (illus.),  306 
street,  wlien  lir^^  U'-el,  295 
chrnnev  protects  flame,  37 
,M,il  miners  ,ind  safely,  262 
Lamp  chimney,  why  it  makes  a  better  light,  37 
Langley,  Dr.  Samuel  P.,    1914  "'ght  ^'^   """" 

jilir.c.  IJS 
Languages,  wliv  so  111, .ny,  197 
Lantern,  !'ie  first  oil  (illus.),  207 
tiic  ■  Rcverhere  "  (illus./,  297 
Laugh,  when  glad,  why  we.  92 
nerves,  93 

'.■.  iicn  tickleil,  why  we,  93 
Laughter,  reflex  action,  93 
Lead,  as  used  in  makinj;  paint,  267 
m  .1  pencil,  468 
whv  so  heavv.  267 
.is  used  in  pipes  for  pUmibrng.  2(.7 
Leather,  how  the  hides  are  treated.  539 
treatment  of  hides.  538 
unhairing  m.ichine  (illus.),    54° 
hide  house  (illus.),  53H 
tanning  pnn-e.ss,  .s;9 
rolling  room  (illus.)    539 
tanning  solo  leather,  .V39 
how  upper  leather  is  tanned  (lUus.),  540 
disposing  of  waste  material,  540 
wringers   -,39 
tan  vard  (illus.).  539 
Legs,  not  same  length,  91 
Lens,  in  the  eye.  ai 
Leyden  jar,  what  it  is.  33* 
Life,  lieijinning  f  i,  174 
l.cK'imiing  of  man's,  1 74 
!'ow  plants  reproduce.  17S 
Light,  attracting  moths.  288  ^ 
glow-worms  why  they  glow:  23I 
how  pro<luced,  230 
lightning  bugs,  made  by,  331 
where  it  goes  when  it  goes  out,  36 


Light,  wiialmakc,  n.aiui,  iy» 
m  mirror,  22 
in  negative,  23 
rays,  30,  495 
broken  rays  ot,  38 
rays,  heat  from,  36 
and  refraction,  38 

Sliced  .if,  i(>.  140  ,  .,  ,  ,    ,h 

travels  faster  llian  anything  in  the  world.  3b 
surrounding  earth,  38 
u.LVc  changed  into  heat,  3b 
Lighting,  arc,  how  does  it  burn,  307 
in  .\merica,  first  street  (illus),  296 
first  oil  lantern,  297 
electric,  when  introduceil,  305 
l^rst  steeet  hght  in  I'aris,,  297 
,,.,<  t  ,nk.  li'lus.),  298 
Lightning,  aUv  it  follows  thun.lcr,  140 
Lightmng  bug's,  why  they  pro.luce  hght,  231 
Lignite,  fouml  in  coal  mines,  262 
Liner,  of  a  gun,  54 
Linseed  oil,  extraction  of,  228 
what  It  IS.  227 
whc.e  It  comes  from,  227 
Liquid,  definition,  348 

Living,  why  do  some  people  live  longer,  199 
reproduction  necessary  why,  174 
reproduction  of,  in  birds,  179 
reproduction  of,  in  fishes,  177 
Loading  machines  in  powder  factory,  50 
Lobsters,  red,  what  makes  them,  245 
Lock,  cylinder  (llus.),  492 

how  a  key  turns  a  (.llus.),  491 

how  kev  ch.inges  are  provide.l  (illus.),  491 

how  a  s'priiig  lock  works  (illus.),  492 

mastcr-keved  cylinder  (lUus.i.  492 

what    h.ippens    when    the    key    is    turned? 

(illus.).  491  ,       ,     ■  ,1 

what   happens   when   the   knob  is   turne.!.' 

(illus.),  491  .     ,  ,-1,      , 

Locomotives,  boiler  of  articulate  type  (illus). 

44" 
boiler  of  (illus. 1.  443 
cab  of  (illus.),  442 
cylinders  description  of.  441 
low  pressure  cylinders  of  (ilhis).  441 
electric,  newest  (ilhis.),  443 
one  of  the  largest  (illus.).  4^0 
sign.al  tower,  lalct  (lUiis.).  444 
stoker,  automatic  (illus.),  443 
w.itcr  tank  (ilhis),  444 
Lodestone,  what  it  is.  327  ,  ^  .„      ^ 

"  Long  Bow,"   in  Slicrwcxxl  Forest  (illus.),  42 
Loom,  .  1  th  ni.iking  machine,  86 
Magnet,  breaking  iron  (illus.),  330 
electro  (illus.),  32<'.  328,  335 
electric  hft  (ilhi..),  32b 
experiments  with.  327 
great  lifting  by  (illus),  330 
liow  m.ide,  33.S 
what  makes  it  hft  things'  326 
wonders  (wrformeil  by.  326 
work  it  can  do  (illus.).  328 
Man,   writing,  how  man  le.irned.  II 
counting  himself,  19 
is  he  an  animal?   180 
Matches.  :'-re  tli^v  iiois^mous?  294 
tirst.  2>,i 
how  m.idc.  203 
lucifer  (illus).  292 


M2                                                         INDILX 

Matches,  nuikinj;  by  niaihincry,  :;y3 

Mountains,  what  made  them,  401 

modi'rn  salo'y  (.il'us.l.  2<)i 

Moving  picture;,  Board  of  Censors,  373 

oxyiiiuruitr  lilhi*.',  2>)J 

divili  ping  rocm  (illus.)  372 

promiillu'.iii  uHus.),  2i)2 

drying  room  tillus.),  373 

what  wf  W'luM  il<>  without,  292 

continuous  movement  of  film,  37'* 

u'un  tir^t  u-fd  (illu;;  >.  292 

exact  size  of  film,  370 

Match-lock,  <■!■  larly  lircarms,  45 

first  camera,  375 

Mflting  vt  iron,  ,15 

first  exhibited  .it  studio,  372 

Mt-n  Alio  niailf  tlu'  telephone,  70 

how  maiie,  3(19 

Mercury,  lHhiiiiialf  of,  49 

hov.-  ircak  pictures  are  made,  376 

Mtrrimac  and  Monitor,  ti^ht  rif,  j2 

negative,  stixk,  370 

Merry,  w!',v  ivi'^  >|i.irkk-  when.  92 

negative,  perforateil,  370 

Messages,  liow  im-n  Irarneil  to  send,  412 

■•  I'igs  is  I'igs  ••  (illus.),  374 

Iiniian  Mtiokf  si);nals,  412 

rehearsing  (illus.),  371 

m.irathon  runner  by  (illus'.  413 

scenario  (illus.),  374 

).o-iv  tvK'j;r:ii)h  (iUiH.).  413 

staging,  371 

Messenger  boy,  how  to  call  a  (illus.)  414 

taking  a  (illus),  373 

t'.f  iirst  ullus.  1,  413 

Mulberry  trees,  f. «  d  for  .silk  worms  (illus),  112 

Metal,  what  is  a,  265 

Mules  and  drivers  nlhisi.  2,s« 

what  is  till-  most  vahiahle.'  265 

Multiple  switchboard  of  telephone,  69 

wliy  wc  usf  fur  cuinint,',  4,sf> 

Music,  harp,  479 

Meter,  •liM.riptiun  of  gas,  304 

lyre,  479 

:     '.v  it  nu-asuri'S  gas,  304 

note,  what  it  is,  490 

Milk,  iii»'S  lluimlcT  sour:"  196 

what  pitch  is,  4X9 

Milky  way.  why  is  it  callfl,  255 

what  IS.  4r.s 

V.  ...it  !■-,  25,s' 

Musical  talking  machines,  490 

Mine  cars  1  illus.),  260 

Muzile,  '  t  A  big  ^nn,  53 

Mines,  ikaring  ihanncl  of  buoyant,  283 

Muzzle-loaders,  in  Ci'nl  War,  47 

txpl.RlinK  submarine,  34 

Nails,  -.viiv  tliey  get  hot  when  hammered,  230 

pl.intin^;  submarine,  insiile  of  (illus.),  277 

Names,    t  people,  20 

workurs  tliat  never  see  daylight,  258 

Nature,  i.rotei  ting  eyes,  ways  of,  38 

Mirror,  colkcts  rays  of  light,  22 

Navigating  on  bottom  of  sea,  283 

retleetion  in,  22 

Negative  in  photography,  23 

rellects  rays  of  light,  22 

Nerves,   .cnsory,  receive  impression,  93 

Mirrors,  beveling  lUlus.),  251 

transnutting  impression,  22 

h..-.v  m.ide.  2.SI 

News,  how  did  the  word  originate?  312 

how  silveretl.  252 

Nightmare,  cause  of,  3(>7 

polishing.  2,sr 

Nitrogen,  what  it  is,  350 

roughing.  2.SI 

Ocean,  uliy  is  it  blue.^  219 

silvered  with  mercury,  2,S3 

what  makes  it  green?  219 

silvering  mirror  plates  (illus.),  252 

why  don't  water  sink  in,'  2 19 

Molecule,  how  big  is  a,  348 

where  did  all  the  water  in,  come  from.'  21 8 

'.vh.i;  i>  a,  .54s 

where  is  water  at  low  ti<le,  219 

Monasteries,  where  gunpowder  was  manufac- 

Of  wliat  use  is  my  hair?  143 

'   ::.l.  44 

Of  wliat  use  are  pains  ami  aches'  410 

Money,  how  originated,  455 

Oil  baths,  for  gun  (illus. ^,  ,S7 

mctallie  forms  of,  456 

Oil  cake,  from  linseed.  228 

who  tiiadi-  the  first  rent,  458 

Oil,  palm  olive,  in  soap.  411 

who  originated.  4,S,S 

Orruiiscope,  of  submarine  boat,  271 

whv  ilo  we  need.  455 

Onions,  ni.ikc  t'ars,  38 

v,'-v  gold  and  silver  are  best  for  coining,  457 

;.  1  '  .  iT.Tt  r,f  ,in  eyes,  38 

Monitor  and  Merrimac,  fight  of,  32 

Operatives,  m  i><.wder  factory,  girls  .as.  49 

Monks,  iii.ikiiig  gunpowder.  44 
Monoplane,  flying  boat  (illus.),  135 

Optical  instruments,  based  on  refraction,  38 

Organic  matter,  what  it  is,  174 

(Ml!!, ,,11   lill'IS.I,    132 

Origin  of  cement,  9,S 

ovT  Mediterr.mean  (illus.),  132 

of  riiiuumg  111  tens.  19 

Moon,  why  it  travels  with  us,  399 

names  of  people,  20 

^'  i-  man  in  tlie,  400 

of  nodding  to  indicate  yi>s,  19 

Morse,  S.  B.,  inventor  of  telegraph,  420 

of  shaking  head  to  indicate  no,  19 

Mortars  nllns.i.  2fi 

of  turnpike,  104 

Mothers  and  Fathers,  do  plants  have,  175 

Oxide  of  zinc  smelter  (illus.),  227 

Moths,  .ifr,.:  iid  by  light,  288 

'low  i.lit.iine<l.  226 

■  ■■  irging  from  1. «  oon  1  illus.)  117 

Oxygen,  what  it  is,  349 

Motion  bodies,  swiftest  2.5 

in  air.  37 

Motion,  is  train  harder  to  .stop  than  start.'  223 

Pain,  of  what  use  is,  410 

ot  ligiit,  140 

what  11  is,  244 

of  sound.  140 

Paint,  care  of,  story  in,  224 

perpetu.il.  Oi 

how  mixetl.  228 

perpetual,  in  niechanies.  240 

uses  of,  224 

Motors,  gis.  used  in  aeroplanes.  130 

what  used  for.  224 

Paint  manufacturing,  .nl,.rs,  whut   makes  ilif- 
ferfiit,  22() 
buckles  liifi.rc  corrosion  (illus).  225 
buckk-s  after  lorrusinn  (illus.).  22s 
buckles  pkuci  in  stacks  (lUus.),  225 
buckles  taken  from  stacks  (illus.),  22.S 
first  step  in  tnakins;  (illus.),  224 
le;id  buckles  uiakinK  <illus.),  224 
leuil.  white,  how  made,  224-225 
leiid  white  u^e.1  in.  224 
grindinK  lead  in  o.i  (illus.).  228 
washing  the  lead  (illus.).  226 

mixinK,  22«  ■      ,    ■,,      \    ,,« 

where  paints  are  mi.xed  iiUus.).  22B 
Imsi-eil  oil.  where  oln.nneu,  227 
pressint;  oil  from  flaxsei-.!  (illus.).  228 
removinv;  oil  cake  from  press.  228 
sulphur  roastint!  furnace  (illus.),  226 
zinc  smelter  (illus),  227 
oxide  of  zinc,  how  made.  226 
Paper,  earliest  fonns  of.  14 
siiisilive  in  photot;r.iphy.  23 
shells   ins|)ection  of  idlus).  49 
p.ipynis,  the  first.  14 
Papyrus,  invention  ot,  14 
Patents,  of  original  telephone,  73 
Peat,  .iS  a  fuel.  262 
Pen,  first  metallic  (illus.),  15 
tirst  steel  (illus).  15 
tirst  metallic  pen,  how  made,  15 
how  It  writes.  18 
invention  of  the.  15 
Pencils,  "  lead  "  where  from,  466 
r'.i^ei  1-  put  on.  46q 
ii,:ikKi>;  descnption  of  (illus.),  467 
\v!-.o  m.ide  the  first?  466 
Periscope,  description  of.  27s 

how  we  look  through  a  (illus.),  276 
inirrf)r  of,  275 
Perpetual  motion,  nearest  approach  to.  240 

i.  It  j.'-^il''c'  '■' 
Persian  rug,  antique  (illus.).  167 
how  niaile.  I(>7 
mutation  lillus.).  167 
Kurdestan  (illus.).  I67 
where  tiest  are  made.  Ih7 
Photographs,  of  projectiles.  25 
Photography,  resultant  from  expcnments  with 

mirror.  22 
Piano,  pitch.  489 

tiiii:.hing  (illus.).  484 

why  not  more  than  seven  octaves.  480 

Dulcimer  (illus.  1.  479 

spinet  (illus  ).  480-481 

note  what  it  is.  490 

soun.lini;  board.  488 

tuning,  (ilhis.).  484 

building  case  around  (illus.),  483 

how  the  music  gets  into  the.  482 

clavichord  (illus.),  480 

instruments,  musical,  488 

strings,  fastening  on  (illus.),  482 

psalterv.  480 

sound  box.  the  first.  479 

who  made  the  first.  478 

i,..™^,.ry.  ii!!us.).  4>','. 

action  regulation  (illus.),  484 

virginal  (illus.),  480-481 

first  (illus.),  478 

tunmi;  fork,  48H 


Piano,  polishing  (illus.).  484 

sounding  board,  putting  .n  the  (illus.),  482 

how  discovered,  479 

lyre,  479 

fictave.  480 

harpsichord  (illus.).  480-481 
Pickers,  b<iy,  sla'e  (illus.),  2,S9 
Pictures,  with  a  fast  camera,  39 

iiiovuig.  how  made,  3^19 

size  if  moving  film  37'> 

never  seen  by  the  human  eye,  31 

taken  in  one  five-thousan.ith  of  a   •  >i 

Pin  money,  why  they  call  it.'  231 

liow  name  originatni.  231 
Pistols,  invented  in  Pistol.i.  Italv.  40 
Plants,  ei,m.  whv  it  has  silk?  17(> 

.  lo  f,it  her  and  mother  plants  live  I.  .g>  11 11  r .  1 70 

how  they  eat.  ,Sll 
liow  tluv  repriKluce.  17.S 
whv  do  flowers  have  smells?    IJ<> 
wliv  tliev  pri»liiee  leaves.  I7,S 
Plate  glass,    iIlus.).  24<> 
Portland  Cement,  wliy  called,  'i.s 
Powder,  liUitig  shells.  50 

gun-cotton  in  smokeless.  35 
sivret  of  smokeless  powder,  35 
smokeless.  3,S 

in  submarine  mines,  amount  ot.  34 
Pressure,  generated  in  bore  of  a  big  gun.  .S4 
inside  of  a  gun  .it  discharge.  33 
in  gun-barrel.  re<i--t.inc  e  of.  34 
of  light,  on  scaU-^.  37 
Primer,  invented  bv.  47 
Prof.  Bell's  vibrating  reed  (ilhis.),  71 
Projectiles,  photographs  of.  23 
arrival  at  target.  24 
clear  of  smoke-zone  lillus),  ,v> 
smoke-zone,  emerging  fnan  (illu.>.).  29 
height  in  air  from  iiiorl.ir,  30 
inipac'i  of,  from  guns.  28 
leaving  gun  muzzle  (illus.),  27 
travel  faster  than  sound,  32 
veliK-ity  of.  33 
vicweil'in  transit,  33 
\vrii;ht  of.  S3 
Proving  grounds,  for  big  guns,  (illus.).  5-, 
Pyro,  li-e.l  in  developing.  2i 
Quarry,  cement  (illus.).  <j<) 
QuiU  the,  in  writing  (illus.  1.  14 
Quills,  raising  gee^e  for,  14 
Rails,  steel  making,  blast  furnace  iillu        -' i 
bliH.niing  mill  'illus.).  237 
crane,  carrying  ingi)t,  (illus.).  23(1 
length  of.  238 
mixer  (illus.),  234 
molten  steel,  pouring  (iUus).  23<> 
o)ien  hearth  furnace  1  illus.).  235 
pouring  side  of  open  hearth  furnace.    .• ; 
shrinkage  of.  238 
soaking  pit  (illus.),  2.36 
temperature  in  lurn.ice,  2,^^ 
Rain,  where  it  goes,  212 

v^liv  it  freshens  the  air,  222 
Rainbow,  i  ause  of,  253 

(  nl,,rs  in,  what  makes.'  254 
ends  of.  254 
Rays,  change  their  i..ur.sc,  38 
heat  from  light,  36 
of  light.  36 
Roentgen.  307 
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Rays-X,  what  an-  Hmv'  .vC 

Reason,  i^  tlurt-  >.ne  ut  tvtiytimig-  .mh' 

Rcfd,  t  11-  nlln-.i,  12 

Reflection,  m  iiiirrcr.  }3.  i)i 

Refraction,  «li.in>;ing  li^lit  ra>s  i  .illcl,  38 

H (production,  •  t  lilc.  in  l)ir.l-,  179 

n  iil.iiH-.  175 
why  «r  must  liiixf,  174 
Rifle,  Ki'iuuckv,  4s 
!.U..t.  47 

ii>.!iTti  auti'tiiatii.  47 
..viT-li.adinj;.  47 
uliivl-lcik  lillii>.i.  4(1 

Riflini!,  i.U".si"iriitati"itn  t 

.1  h\fi  >;un  (illus. ).  <«> 
■  1  a  ;;iin,  53 
nniiUnl  in  Atislna.  4<> 
Roads,  concrcti-  (illus.l.  103 
Roentgen  Rays,  .v>7 
Rope,  l.-.'..kir  lillus.).  ^(jfi 
.;!i|>'Minil  laying  mai-lii"' 
rii>-;-'-t\  tii>n   ,V>J 
Iran-  fianio  iiUus.!.  3''" 
'IryinK  lil'if.  ,?54 
l"t;yi)tian  kilrhcn  itllii      . 
ICi:y|itlans  n'.akmt;  n'lus. 
I'r<')>arinj;  thi-  tl.i-r  in  lillus.).  351) 
{•■iir-^traii'!  nllii-. '.  ,V'- 
!iaiklinn.  3?4 
luni))  lillus. I,  35(1 
tu'itip  in  wari'lii.UM'  mIIus.i,  356 
kn-.ts.  363 

K-ni^llis,  .■itandanl.  362 
i.ilinj;  in  iiuinufailurc,  35(1 
1. .n>;  mailc  l>y  han^l.  354 
ni.icliini'  (illus.l,  35^ 
nptninj;  lialos  nf  libtT  (illus.l.  359 
linparati'^n  rmim  lillus  ),  354 
S( raping  tibrr  (illus.l,  354 
slivtr  furtiiatiiin  of  (illus.i.  3(141 
spin'lk-s.  3.S.S 
spinning;  afU-r  tunl.     ,i,S 
Rope  spinning,  after  turn.  355 
fnrcinr!!.  355 

'      MK  tillus.i,  3(14 
ilT  1  illus.l,  3()0 
.  .VS.S 
Rope  walk,  in<.(Urn  (illus.l.  357-3.1" 

.i1.i-i.,,l!i,.ni-il  (illus.l.  335 
Routine,  nf  a  tcli-pliDne  call  lillus.).  (iM 
Rubber,  aulonmliik-  tires,  3«j 

■:"■  ^r7 

-.  ,;7'» 
-■■I.-.  37') 
lireaker-^lrip,  3H4 
I  aUn.ltrinK.  ,1**i 
1-a^tiIln.i,  \H- 
retni'Ut.  3.HI 
iru-ie.  377  37'* 
cu.in;;  n  11.111,  3H2-3H3 
ilrvcr,  379 
faf.ri. ,  3«4 
fiiriiisliini;  jineumjitic  tires  (.iHus.l.  3.S1. 

^;..llallhi;   ;i'lu>.i.  377 

huiv  .4ecure<l.  377 

liiAv  .ire  inniT  tulies  made,  385 

in.irkelinK  balls  of,  377 

niixint;,  ;7') 


Rubber,  Para.  ,\nj 

piiiiini.itif  tires.  3X3 

P'.-re,  why  not  used,  3«o 

spre:  linK.  ."*' 

spri.iiler  ri«.m  (tllus.),  383 

tappinj"  I  illus  I,  377 

tire  l.uiMin>;  ni.u  lanes  (illus.),  385 

tires,  how  in.i.le,  37M-37c^-3«o 

tread  laying  riiotn,  3H4 

luUe-N.  iniur.  lii.w  made.  385 

vulianizinj;.  3N4 

washinj;.  37h 

wild,  what  is,  31*7 

why  not  u-id  ptire,  380 

ArappiiiK  room,  3.'><i 
Rugs,  desi>;n^  imitate  1  by  machinery,  1O8 

I'er-iaii  (Illus.).  I*.7 

IVrsian.  how  inaile,  167 

IVrsian,  imitation,  167 

I'ersiaii  Kurdistan  lillus.),  Ifi7 

Persian,  where  best  are  made.  167 

Tabriz,  repnxhution  (dlus),  |(.8 

we.ivinj;  bv  m.i.  lime  lillus.).  171 
Rug  manufacturing,  i  ardinj;  maihinc  (illus.), 

170 

ex.inimir);  and  reii.iiring  (illus.l.  173 

paekinj;  for  shi|inient  lillus. I.  173 

proces^es,  i()<>-l7r> 

weaving  by  inaehinery  (illus.),  171 

W(  ol  sorting.  1 70 
Sadness,  cause  of  tears.  38 
Salt,  i  c  Is,  493 

cl-.eiiiic.d  name  of,  493 

in  water,  3,SI 

mines,  493 

Salt  Lake.  493 

Rrxla.  493 

supiily  for  United  States,  493 

wells.  493 

wl c-e  It  coniej  from.  493 
Scales,  i>rc--ure  of  lit;bt  on.  37 
School  slates,  where  they  come  from.  49.^ 
Score,  ori>;in  of,  26 
Scouring,  wih.1  lillus),  85 
Scouring    and    weaving,    in    iii.ikiii);    v\(*)len 

.  ln'!i    nllus.l,   «f< 

Screens,  in  sliot  tower,  .si 
Sea,  iliver,  202 

liow  men  ^0  down  to  the  bottom  of,  202 

navigalin);  on  bottcjin  of.  283 

time  calculated  on  the,  3l,S 

wh.tt  tlie  bottom  l(M)ks  like,  202 

whit  makes  it  roar.  401 
Second,  reckoninK  in  millionths  of  .1,  25 

pictures  t.iken  in  one  five-tlion.s;»iidth  if  a, 

,1" 
Seeds,  why  plants  produce,  I7,s 
Seeing,  why  we  cannot  s(v  in  ilark,  91 
Sensation,  of  sif;lu.  22 
Sensitive,  jiiper.  23 
Service,  military.  I'.  S..  24 
Shadows,  caise  of.  49s 
Shell,  r-oiinds  in  .i.  79 
Shells,  lining  with  powder,  *,o 

m-pection  of  metallic  (illus.),  49 

;::l!illK  !::<■!.,!  U:rU  ■  ■!:  IKH-''.  5" 

u. id-paper  in  making,  .so 
Sheep,  coming  out  of  forest  (illus.),  83 

first  in  America.  80 

fleece  packing.  82 
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Sheep,  liow  much  wool  docs  a  biiccp  protiuiC  83 
Iv.vv  \v.»il  13  Uiken  from  the,  Hi 
how  taken  aire  of,  Ha 
how  we  «et  wool  off  of,  8a 
iivlustry  in  America,  80 
IP  lustry  in  the  colonies,  81 
in'iustry  in  the  west,  81 
nuMilxjr  in  the  west.  Hi 
sheaniiK,  JSi 
shearing  machines,  82 
W(x)l  pnitlucinK,  if\ 

why  shii'p  precede  the  plow  in  civilizing  a 
...untr\-,.Si 
Shield  driving,  air  l<x-k  bulkhead  OUus.),  iio 

caulking  tlie  joints  (illus.),  314 

description  of  airlocks.  213 

erector  at  work  (illus.),  214 

trector  (illus.),  210 

at  end  of  iournev  (illus.),  2l6 

grommcltmg  the  bolu  (iUus.),  ai* 

groutinj;  (illus.),  214 

how  it  cuts  in  tunnel  buiMine,  212 

how  thav  meet  ex;ictly  (illus.),  215 

in  tunnel  building  (illus.),  208 

kiv  pl.ito  (illus.).  214 

curves  arnund  (illus.),  216 

m<Klel5  of  t-enna.  RR.  tunnel  shields  (illus.). 

212  ■„  N 

rc.ir  end  in  tunnel  building  (illus.),  210 

tunnels,  front  view  (illus.),  2<x) 
Ship,  how  ilix>3  a  captain  steer  his,  407 

I.MW  can  it  sail  under  water?  2'>9 
Shoes,  .\m.izeen  skiving  machine,  550 

assembling  machine  (illus.),  552 

automatic     heel     loading     and     attaching 
machine  (illus.\  560 

automatic  leveling;  machine  (illus.),  .S.SO 

automatic  sewing  machine,  555 

Amcriain  made.  547 

ancient    and    modem    1  irms    o£    sandals, 

(illus.),  543        .       ,.„      . 
ancient  sandal  m.iker  (illus.),  541 
beginning  of  a  shoe  (illus.),  549 
bfj<jt  .U-veloiTtnl  from  the  sandal,  544 
boots  (illus.),  54(1 

channel  ceinenimt;  machine  (illus.),  55» 
channel  laying  rii.u.hine  (il'us.),  559 
channel  opening  ni.ichine  (illus.),  558 
Crakron  or  peaked  (illus.).  544 
which  church  and  law  forbade  (illus.),  544 
description  of  ancient  sandal  (illus.),  542 
dveing  out  machine.  551 
different  parts  come  together.  55V 
duplex  eyeletting  machine.  550 
edge  'limTning  m.-ichinc  (ii;      ),  360 
Knsign  lacing  macliinc.  551 
evolution  of  the  sandal  to  the  shoe  (ilIus.V 

first  machine  for  making  shoes,  543 

h.and  methixl  lasting  m.icliine  (illus.),  553 

hei'l  bre.-isting  machine  (illus),  560 

heel  trimming  machine  (illus),  560 

ideal  clicking  m,u;liine.  550 

Inseam  trimming  machine  (illus.),  556 

insole  tacking,  55' 

lasting  machine  (illus.).  553 

loose     iiling  niaciiine  (iliiis.).  .S59 

success  of  McKav  machine.  547 

machine  that  forms  and  drives  tacks.  554 

machines  which  punch  the  soles  of,  55') 


:-hl 


Shoes,  mv  I.idy  .    ..,  , 

pl.uing  shank  and  Idling  botloii 
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planet  rnuiitling  ni.icliine,  551 

]xiwer  tip  jiress,  5.S0 

pulling  over  macliine  (dlus.),  552 

putting  the  ground  cork  and  rubber  ■^■ment 

in,  5,5<>      . 
rolling  machine,  551  „      , 

rounding  and  channelling  machine  (illus.), 

557 
sewing  the  sole  on,  55* 
slugging  machine  (illus.),  5f>o 
s<'le  laving  m.ichinc  (illus.),  557 
Summit  splitting  machine.  551 
upper  stapling  machine  (illus.),  554 
upiKT  trinmiing  machine  (dlus.).  554 
welt  and  turiic-d  shoe'  machine   (dlus.  1,    555 
welt  beating  and  washing  machine.  55(. 
welt  sewing  machine,  551 
what  was  the  first  f<K)t  covering  like.'  541 
"  whipping  the  cat,"  545 
who  made  the  first  shm-  in  America.'  -jr 
work  performed  by  hixling  machine  (illus.), 
5(10 
Shooting  tests  (illus.),  48 
Shotguns,  .1  scmbling  of,  (illus.),  48 
Shot  pellets,  51 
Shrinking,  I'li  for  big  gun,  59 
Siiuttle,  In  weaving  wool,  86 
Siberian  lambs,  in  South  Dukato  (lUus.),  ho 
Signs,  t.ilknig  bv,  18 
Silica,  mine  (illus.),  247 
Silk,  109 

c.illed  "  bomby-kia,"  IIO 
caring  for  young  worms,  1 13 
culture,  no 
drying  skeins  of,  1 19 
dveing,  121 

first  step  in  manufacture,  119 
first  used,  100 
hatching  eggs,  113 

introduction    of    into    Europe    (lUur.).  no 
number  of  cocoons  in  pound  of,  117 
manufacture  of,  !!9 
method  of  reeling,  n3 
moths  depositing  eggs  (ilhis.i.  1 12 
preparing  cCKOoning  Ix-ds.  1 12 
reeling  silk  from  cocoon  (illus. ),  ii(* 
spinning  (illus.).  120 
thread  made  uniform  (illus.),  I2« 
threads  ready  for  the  weaver.  121 
twisting  (illus.),  120 
use  of,  109 

water-stretcher  (illus.),  121 
winding  (illus.),  119 
Silk  manufacture,  doubling  frames,  120 
spinniiii;.  120 
tui-tint,',  120 
Silk  moth,  description  of  1 14 
Silkworm,  age,  115 
first  breeiler  of,  109 
dirysalis  (illus.),  I14 
cocoon,  115 

cocoon,  beginning  of  (illus.),  116 
cocooning  bed  (illus.),  H2 
description  of.  114 
denier! lea' i'-n  ••{,  !U 
eating  (illus.),  115 
female  moth  (illus.'),  114 
how  cared  for,  1 13 


Silkworm,  i-nw  it  eat<,  .15 
ill'  111,  1 12 

';>  w  imixirteil.  1 11 
'■.,'  'l^i'<r.K~'  (lUus.).  11.^ 
work,  114 
,  114 
••    '■'">:.  IIS 


•  Kin    (ilhf; 


I  t 


(illus.).  I  !-■ 
u.!i;       i;ri'atcst    w>iiiiir.    1  l<> 
I'lr    iii.ikiiij;    i'i«<)<.n    lillus.t,    ll(> 
■,  ilu'v  (illii-   I,  I  ii; 
;  1  >kiii,  1 15 
1  iIh,  1 15 
u^  CAXK'H,  1 15 

.    UKI 

bilvfr,      ■-'■■■■■    f.  J07 

111.  ■  '"7 

wh',  .i  h.  iWi 

Silver  bromide,  :n  j.iiouiKr.iphy,  23 
Skins,  M  ( .1  1..1  .  !'.!!:iiii;,  «o 
Sky,  '.mU  !!  <vrr  t.ill'  -'55 

\'.!iv  i-  11  !.!iic-  J5J 

So!ip,  '    |1  I 

'tl  in.  411 

•1.411 
Soda,  I.ti'l.tiu'  )>i<Hfvs,  494 

SiiK.iy  pri»  1  ->.  4>(4 

wlu  n   \vc  ;.'tt.  4<)4 
Solids,  .i.i;rn:i..n.  :^^K 
Some  '.'.,  ■    '1  •     .  ■  ■    .   ':nt:-in  111,-!'.-.  <ii 
Sound, 

hi'.wr:...  ;:;.■.;,  ^4j' 
li.'W  priKhircii.  4.''5 
^-[R■^M  III'.  1411  4."<(> 
ir.ivils  t'irini;;li  .tir  .slowly,  31 
in  .1  -;i'a  slirll,  '(j 
wlial  is,  7S-485 
w.ivts,  79 

waves.  Iinnth  nf,  4S7 
whrri.'  (i.inrs  fniin.  78 
Slate  pencil,  why  tanni.t  wriif  c   paper  witli. 

IH 

Sleep,  whtrc  arc  we  when,  365 

■'  ■  1  eves  open,  whv  wc  cannot,  92 

V.  r.v  lir.irt  !)eats  iliirinn,  1^1 
v'iv  Ar  :'.•>  to,  365 


Sling, 

!;■  •■■' 
Slings, 
Slow  matcli, 
Smells,  w'l 


•n  (illiis.),  41 

41 

•  irks,  43 
1  .irnis,  4S 
I-  have.  176 
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Smoke-cone,  i^i  t;iin-tiring  (illus.),  28 
Smokeless  powder,  .^s 
Smoke-rings,  ;.  .r!  .1.    iirl.  2- 
Smoke  signals,    :  1:,  !:.:ii--.  41J 
Smoke-zone,   in  >;tm  tirinj;,  iii 
Sneezing,  •.•.  h.it  makes  us,  194 

\i.!;y  il'i  wo,  194 
Snowflakes,  what  makes  them  white.'  409 
Space,  extinils,  Imw  |:ir,  J56 
Sparkle,  when  merry,  why  eyes,  92 
Spear,  ,^s  a  weaprin,  42 
Specific  gravity,  meaning  ff,  ;f>S 
Speed,  I  if  lijilii.  ,?'> 


Spinntret,  •  t  the  --ilkwdrni,  llj 
Spinumg  wheel,  in  making  cloth  from  wool,  81 
Sponge,  i.ipill.iry  attraction  of,  18 
Sponges,  lireetling  tine  of,  2M6 

lidw  <lo  they  grow.''  286 
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I 'pens  when  we  slretih?  19.I 
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1    :;.i  .Hit  liv  llie  lenvjlh  of  sound  waves?  487 
makes  tis  thirsty?  24s 
makrs  mc  tirrd?  40.^ 


What  .1  >:reat  steamship  looks  hke  inside  (illus^), 

.W> 
did  the  first  telephone  look  like?  (illus.)  72 
miurs  whe"  We  think?  194 
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Wheel-lock  rilU-  ullus.),  46 
Whispering   gallery,  ., ,  identai,  201 
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iloes  thunder  always  come  after  the   light- 
ning? 140 

do  we  call  them  wisdom  tifth?  12.S 
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is  the  sea  w.itcr  sail?  351 

will  water  nm  otT  a  duck's  hack?  233 

do  we  worry.'  2<>7 

don't  the  water  in  the  mean  sink  in?  Ji'i 
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inventor  of.  452 

key,  447 
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stations  on  trains  (illus.  1.  4,so 

transmission  automatic  (illus.  1.  453 
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stations,  433 

wnrM-wide  use.  4,^4 
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wire  Wound  gun,  54 
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(iIUis.K  326 
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